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89203658 CA08924203658F
ANALYSIS OF CARBON VERSUS RESIN
AUTHOR: SZRCHTA, JAMES M.
LOCATIONS CHEM. SYST. LAB., ARMY ARMAMENT RES. DEV. COMMANMD ABERDEEN

PR13YING6 eROUlO, MD.SECTPION CG060002, COSOXXX PUSL CLASS: TECH REP P
JOURNALS. U. S. NTIS, AiD REP. C13DENSI XADRCH IPq./S 78 issue:

AD-RO53863, PAGES$ 48 PP.
CITATIONS MOY. REP. ANNOUNCE. INDEX (U. S.) 1978, 78(16), 336
AVAIL: NTIS
IDENTIFIERS$ PINK WATER TREATMENT ADSORBENT, TNT ADSORBENT PINK WATER,

RDX ADS'RBENT PINK WATER, HMX ADSORBENT PINK WATER, TETRYL ADSORBENT PINK
WATER, ACTIVATED CARBON TREATMENT PINK WATER, AMBERLITE XAD4 TREATMENT PINK
WATER, AMMUNITION PRODN WASTEI ATER TREATMENT

CA 08942 03659F
DESCRIPTORS: ABSORBENTS;FIWASTEWATER TREATMENT, ADSORPTION4
IDENTIFIERS: REMOVAL PINK ACTIVATED CARBON AMBERLITE XAD4 BIOLOGICAL

STUDIES AMMUNITION XAD 4
CAS REGISTRY NUMBERS: 118-9-7 121-82-4 479-45-8 26 7440-44-0

37380-4a-0

86184123 CA0625184123X
EFFECTS OF POLLUTANTS ON EMBRYOS AND LARVAE O3F FROGS: A SYSTEM FOR

EVRLUIATIMG TERATOGENIC EFFECTS OF COMPOUNDS IN FRESH WATER ENVIRONMENTS A
AUTHOR, GREENHOUSE, GERALD A.
LOCATIOI UNIV. CALIFORNIA, IRVINE, CALIF.
'SECTIONS CR004003 PU3L CLASSS TECH REP
JOURNALS AEROSP. MED. RES. LAB.r (TECH. REP.) AMRL-TR (U. S.) COENlS

ALRBS3 PUlL: 75 ISSUE: AML-TR-123, PAGES: 493-511
IDENTIFIERS: FROG WATER POLLUTION ANALYSIS

CAO*86214123X
DESCRIPTORS: TERATOGE ESIS1 WATER P13LLUTIOI RA PIP, IES XENOPUZ LAEY XS
IDENTIFIERS: FROG EMBRYO ANAL BIOLOGICAL STUDIES POLLUTANTS ORG COMPDS

EVALUATION POLLUTANT TERATOGENIIS5
CA$ REGISTRY NUMBERS: 90-30-a 2561%-54-9 101-67-7 309-01-9 60-34-4• E 540-73-9 57'-1 A--
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96126961 CAO,618126%1H
DETERMINATION AMiD MON1T13RING OF SOME ORGANIC EXPLOSIVES IN NATURAL AND

EFFLUENT WATER BY SINGLE-SWEEP POLAROGRAPHY
AUTHOR: WHIThACK, GERALD C.
LOCATIONS NAY. WEAPONS CENT., CHINA LAKE, CALIF.
SECTIONS CA061002, CAO5OXXX, CAO6OXXX, CRO79XXX PUBL CLASSS CONF PROC
JOURNAL: IDENTIF. ANAL. ORG. POLLUT. WRTER, (CHEM. CrNGR. NORTH AM.

CONT.), IST CODEhs 33SXAJ PUBL3 76 PAGES 265-79 MEETING DATE;
;75PUBLASHERS NN ARBO3R SCI. ADDRESS: ANN ARBOR, MICH

ARAILS KEITH, LAWRENCE H
-IDENTIFIERS: ORO EXPLOSIVE DETH WATER, WASTEWATER EXPLOSIVE DETN, PLAROG

DETH ORG EXPLOSIVE WATER

CA08618126961H
IDENTIFIERS, ESTERS DETR NATURAL WATER WASTEWATER SINGLE SWEEP P1LAROG

ANALYSIS EXPLOSIVE
CAS REGISTRY NUMBERS: 6423-43-4 118-9-7 121-82-4 2691-41-0 7732-18-5

22/5/4
86026591 CA0860502591U

THE EVALUATION OF THE TOXIC EFFECTS OF CHEMICALS IN FRESH WATER BY USING
FROG EMBRYOS AND LARVAE

AUTHORS GREENHOUSE, GERALD
LOCATIONS DEP. ANAT., UNIV. CALIFORNIA, IRVINE, CALIF.
SECTIONS CA004001 PUBL CLASS: JOURNAL
JOURNALS ENVIRON." POLLUT. CODEN: ENVPAF PUBLS 76 SERIES: 11

ISSUES 4 PAGES$ 303-15
IDENTIFIERS: POLLUTANT TOXICITY DETN FROG, DEVELOPMENT FROG WATER

POLLUTION

CA08605026591U
DESCRIPTORS: WATER POLLUTIONRAA PIPIENS;XENOPUS LAEVISIDEVELOPMENT
IDENTIFIERS: DETN TOXICITY POLLUTANT FROG EMBRYOS LARVAE BIOLOGICAL

STUDIES DETG INDICATOR
CRS REGISTRY NUMBERS 90-30-2 25619-54-9 101-67-? 302-01-a 60-34-4
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I.3173550 CA09318173550C
CHEMICAL DETECTOR UTILIZING AN ELECTROLYTIC GEL
AUTHORS L1TZE, THOMARS H.
LOCATION: USA
SECTIONS CA061002 CA079XXX PUL CLASS: PAT
JOURNAL: U.S. CODENS USXXAM PUBL: 800610 PAGESS 4 PP.
PATENT NO3 407162 APPLIC NO: 18154 DATE: 790307 CLASS: 204-195R
G01N27/46
ASSIGNEEIS CAMBRIDGE INSTRUME1NT CO., INC. "-...
IDENTIFIERS: HYDRAZINE DETH BOILER WATER APP, ELEG-TROLYTIC GEL HYDRAZINE

DETH APP, SILVER OXIDE GEL WATER ANALYZER

CA09318173550C P
IDENTIFIERS: ANALYSIS DETH BOILER WATER ELECTROCHEM APP HYDRAZINE ETHERSELECTROLYTE GEL CONTGCRS RE61STRY NUMBERSt 302-01-2 7732-18-5 9004-62-0 20667-12-3

9313?581 CA09314137581E
THE OXIDATION STATE DIAGRAM - A 'POTENTIAL TOOL FOR STUDYING REDOX %/

CHEMISTRY IN SEA WATER
AUTHORS WON GEORGE T. F.
LOCATIONS INST. OCEANOGR,, OLD DOMINION UNIV., NORFOLK, VA, 23508, USA
SECTION: CA061001 PUlL CLASS: JOURNAL
JOURNAL: MAR. CHEM. CODENI MRCHBD PUl:L 80 SERIES: 9 ISSUES 1
PAGES 1-12

IDEhTIFIERS: OXIDN STATE DIAGRAM REDOX SEAWATER, NITROGEN OXIDN STATE
DIAGRAM SEAWATER, MANGANESE XIDN STATE DIAGRAM SEAWATER

I tCA031413?;1E

DESCRIPTORS: REDOX REACTION VALENCE I lTERSOCE#AN
IDENTIFIERSS USES MISCELLANEOUS OXIDN STATE DIAGRAM DETN NITRO1EN SYSTEM

CHEI SEAWATER MANGANESE OCCURRENCE STUDY DIAGRAM SYSTEMS
CR$ REGISTRY NUMERS: 3- 1313-13-9 1332-62-3 1336-21-6 7439-96-5

7727-37-9 7782-77-4 7903-49-8 10024-97-2 10102-43-9 10544-72-6 14333-13-2
14333-14-3 14544-40-4 14797-55-8 14797-65-0 1479-03-9 .1
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93116717 CA09312116?17P
ULTRASOUND LEVEL-METER FOR MEASURING PROPELLANT LEVELS IN THE TANKS OF

ARIANE FIRST AND SECOND STAGES
AUTH13RS DEMARAIS, JEAN CLAUDE; DEOM, ALAIN
LOCATIONS GROUPE RECH., OFF. NATL. ETUD. RECH. AEROSP., CHATILLOt, FR.
SECTION: CA00002 PUBL CLASSs JOURNAL
JOURNALS RECH. RERODSP. CODEN: REARR.U PUBLS 80 SERIES: 194,

PAGES: 9-22 LANGUAGES FR
IDENTIFIERS: PROPELLANT LEVEL ROCKET TANK

CA09312116717P
DESCRIPTORS: PROPELLANTS; SOUND AND ULTRASOUNDPCHEMICAL AND PHYSICAL

EFFECTS.IDENTFFERSS DETtI LEVEL ROCKET TANKS USES MISCELLANEOUS VALUE

CAS REG1STRY NUMBERS3 5ZI7- 10102-44-0

93100070 CA09310100878F
DETECTOR FOR FUMES OF IYDRAZINE AND ITS DERIVATIVES
AUTHORS CROOMES, EDGAR F.; MURFREE, JAMES F+t.
LOCATIONS USA
SECTIONS CA059003, CAO79XXX PUBL CLASS: PAT
JOURNAL: U.S. CODEN: USXXAM PUBL 800429 PAGES: 4 PP.
PATENT NO: 400608 APPLIC NO: 915706 DATE, 780615 CLASS: 4e2-97,

G01NI?27/029 SOM27/16, GO131/10
ASSIGNEE: UNITED STATES DEPT. OF THE ARMY L.
IDENTIFIERS: HYDRAZINE DETH AIR SENSOR, METHYLHYDRRZINE DETh AIR SENSOR,

DIMETHYLHYDRAZINE DETN AIR SENSOR

CA09310100878F P
DESCRIPTORS: AIR ANALYSIS
IDENTIFIERS: DETN APP USES- MISCELLANEOUS IRIDIUM CONTS DETECTORS

HYDRAZINE DERIVS ALUMINA PELLET
CA$ RE6ISTRY NUMBERS: 57-14-7 60-34-4 302-01-2 1344-28-1 7439-88-5
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93097901 CA09310097901A
ANALYSIS OF EXPLO3SZVES BY NEGATIVE IONI CHEMICAL IONIZATII MASS

SPECTROMETRY
AUTHORS YION, JEHUDA
LOCATIONS DEP. ISOT. RES., IEIZMAMN INST. SC., REHOVOT, 76100, ISRAEL
SECTION CR050003, CAOSOXXX PUBL CLASS: JOURNAL
JOURNALS J. FORENSIC SCI. CODENI JFSCAS PUBL: 80 SERIESs 25

ISSUES 8 PAGES& 401-7
IDENTIFIERS: EXPLOSIVE ANALYSIS ANION MASS SPECTROMETRY

CA0931 0097901A
DISCRIPTORSt EXPLOSIVES;iMASS SPECTROSCOPYNEG.-IONP CHEM.-IONIZRTTIOM
IDENTIFIERS$ ESTERS
CAS REGISTRY NUMIERS' 55-43-0 71=11-X 116-96-7 121-62-4 2691-4-0

.4



I

93188652 CA0932018863em
TESTING PROCEDURE TO DETERMINE THE DEFLAGRATION PROPERTIES OF EXPLOSIVES
AUTHORS: BIOURD9 J.; MICHOT, C.
LOCATIONS CENT. ETUD. RECH. CHAROMASESP VERNEUIL-E-HALATTE, F-60530PII FR.
SECTIONS CR050003 PUBL CLASS$ JOURNAL
JOURNALS PROPELLANTS EXPLOS. CODEN: PREXD4 PUBLa 80 SERIES' 5

ISSUES 2-3 PAGES: 34-6 LANGUAGE: FR
IDENTIFIERSS" DEFLAGRATION TEST EXPLOSIVE.

CR093201886 21
*If DESCRIPTORS: COMBUSTIO, DEFLAGRRTITII EXPLOSIVES

IDENTIFIERSs ESTERS DETH USES MISCELLANEOUS COMPOUNDS
CRS REGISTRY NUMBERS: 55-63-0 78-11-5 118--967 2691-41-0 6464-52-2

7790-90-9 22113-87-? "-73 -- "
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93168763 CF109318168763X
4CALIARATION AND DATA PROCESSING IN" HIGH SPEED GEL PERMEATION X

CHRO1ATOGRAPHY
AUTHOR$ KOH", E.; ASHCRAFT, R. W.
LOCATIONS VEY. DIY., MASON AMD HANG5ER-SILAS MASON CO., IC., AMAILLO, TX

9 USA
SECTION: CR033005 PUlL CLASS: JOURNAL
JOURNAL: CHROMATOGR. SCI. CODEII CHGSAL PUBL 77 SERIES: 8

ISSUES LIG. CHROMATOOR. POLYM. RELAT. MATER. PAGES: 103-20
IDENtTIFIERSS GEL PERMEATION CHROMIATOG INTERNAL STDh MOL UT POLYSTYRENE

CHROMATOG STD, DATA PROCESSING GEL CHROMATOG POLYMERP CALCN G L PERMEATION
CHROMATOG POLYMER

CR09318168763X
DESCRIPT1RS: AIR; CHROMAT APHY, GEL DATAI MOLECULAR WEIGHT
IDINTIFIERS: INTERNAL STDS HIGH SPEED PERMEATION WT DETD POLYSTYRENE

CIS REGITR ONBV9-5- 2691-41-0 9003-33-6 33086-17-8

" i I ,  flUIH lt Sit I Io, JOSEPH R. "1

SECTION: CA059001, CA079XXX PUSL CLASSI PAT
JOUMML A U.S. CODOENI USXXRN PUL L 800306 PAGES: 6 PP.
PATENT NI 401634 APPLIC Not 916296 DATE: 780616 CLASS: 204-ITsOomeik,,,46
AS16NEI: EI NEETcs SCIENCEP INC.

• .. "I3ENT1PZIER MYDRAZIN DETECTION AIR ELECTROrHEM APP

CA09312a1I954u P
LW DESCRIPTORS: AIR ANALYSIS
IDETIFIERS: DETECTION ELECTROCHEM APP HYDRAZINE DMftY
CA$ fE6I$1RY mMEst 57-:g- 6AS1 '1- 4t'*--_.'
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94010734 CR09402010734X
ANRLYSIS OF VOLATILE AMINES BY GC
AUTHOR: RAULIN, F.; PRICE, P.; PORNAMPERUMP. C.

LOCATIONS UNIV. PARIS-YAL, FR.
SECTION: CR080004 PUBL CLASS: JOURNAL
JOURNAL: AM. LAB. (FRIRFIELDP CO NN. ) CODEN: ALBYBL PUBL: 80

SERIES: 12 ISSUE: 10 PAGESS 45, 47-8, 50-1
IDENTIFIERS: VOLATILE AMINE ANALYSIS GAS CHROMATOG, HYDROCARBON SEPM

AMINE GAS CHROMATOG, NITRILE SEPN AMINE GAS CHROMRTOG

CR09402010734X
DESCRIPTORS: . AMINESANALYSIS;CHROMATOGRAPHY, GRS; HYDROCARBOMS, ANALYSIS;

NITRILESANALYSIS
IDENTIFIERS: RELATIVE MOLAR RESPONSE SEPH VOLATILE
CAS REGISTRY NUMBERS: 57-14-7 60-34-4 74-89-5 75-04-7 75-31-0 75-50-3

75-55-0 '75-64-9 78-81-9 -90-0-17-10-8 107-11-9 107-15-3 109-73-9
109-76-2 109-69-? 124-40-3 540-73-0 616-24-0 624-78-2 765-30-0 2372-88-5
245ID-71-7 -
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94010729 CR09402010729Z
A LASER PHOTOACOUSTIC DEVICE AND ITS APPLICATIONS IN THE ANALYSIS OF SOME

GASES
AUTHOR: CHEN, CHUAN-WEN; MING, CHANG-JIRMG; LIU, YRO-TIAN; WAnG, LIAN-JIE

; LIP ZHEN-XIANi; XUP JUN
LOCATIONS CHAMGCHUM INST. APPL. CHEM., ACAD. SIN., CHAMGCHUN, PEOP. R.

CHINA
SECTION' CR080002, CRO73XXX PUBL CLASS: JOURNAL
JOURNAL: CHI KUANG CODEN: CHIKDA PUBL: 79 SERIES: 6 ISSUE: 10

PAGES: 38-41 LANGUAGE: CH
IDENTIFIERS: LASER PHOTOACOUSTIC SPECTROMETER GAS ANALYSIS, CARBON

DIOXIDE LASER PHOTOACOUSTIC SPECTROMETER

CR09402010729Z
DESCRIPTORS: GAS ANALYSIS;LASER RADIATIONvCHENICAL AND PHYSICAL EFFECTS;

SPECTROCHEMICAL ANALYS IS, OPTOACOUSTIC, LASER-INDUCED; SPECTROMETERS, OPTOACO-
USTIC 1-"

IDENTIFIERS: DETN PHOTORCOUSTIC SPECTROMETRY CARBON DIOXIDE SOURCE GASES
;g.inS, -REGISTRY NUMBERS: 5=-14Z 67-56-1 71-43-2 74-85-1 79-01-6 106-99-0
.115-07-1

22/5/3
93222670 CRO9324292670C

DYNAMIC MECHANICAL ANALYSIS OF LX-13, R EXTRUDABLE EXPLOSIVE X
AUTHORS FLOERS. G. L.
LOCATIONS MASON AND HANGER-SILA$ MASON CO.,P INC. P APMILLO3. TXv USA
SECTIONS CR050003 PUBL CLASS: TECH REP
JOURNAL: REPORT CODEN' D3REP3 PURL$ 80 ISSUE: MHSMP-80-04,

PAGES: 34 PP.
CITATIONS ENERGY RES. AUSTR. 1980, 5 (11)9 ABSTR. NO. 179e3
AVAIL: NTIS
IDENTIFIERS: PETH SIL3XA1IE EXTRUDABLE EXPLOSIVE

CA0932422267oC
DESCRIPTORS: EXPLOSIVES; SILXAMIES AND SILICONESv DI-ME, USES AND

MISCELLANEOUS
IDENTIFIERS: DYNMIC MECH ANAL EXTRUDABLE PETH CONTG
CRS REGISTRY NUMBEAS: 6 TM 6



ANALYSIS OF INTRR- AND INTERMOLECULAR INTERACTIONS RELATING TO THE
THERMOPHYSICAL BEHAVIOR OF RLPHA.-P .BETA.-, AND .DELTA.-OCTRHYDRO-1,3, 5,-
7"TETRANITRO-1,3,5,7-TETRAAZOCINE ,

AUTHOR: BRILL, T. B.; REESE, C. 0.

LOCATION: DEP. CHEM. UNIV. DELAWRREP NEWARK, DE, 19711, USA
SECTION: CA022008P CAOSOXXX PUBL CLASS: JOURNAL
JOURNAL: J. PHYS. CHEM. CODEN: JPCHAX PUBL: 80 SERIES: 84

ISSUE:.11 PAGES: 1376-80IDENTIFIERS: TETRAAZOCINE TETRANITRO STABILITY POLYMORPH

CA09309094587S
DESCRIPTORS3 CONFORMATION AND COFOdkM ER;CRYSTAL STRUCTURE-PROPERTY

PELATIONSHIPI POTENTIAL ENERGY AND FUNCTIO3N; THERMA-L DE-CO3PPSITION
IDENTIFIERS: STABILITY FORMS OCTAHYDROTETRRITROTETRARZOCINE POLYMORPHS

CRS REGISTRY NUMBERS3: 2691-41-0

I93049727 CAO9306049727D

NONDESTRUCTIVE CONTROL OF ELECTROEXPLOSIVE INTERFACE OF AN EXPLODED-CORD
DETONATOR USING THE THERMAL RESPONSE METHOD

AUTHOR: KRSSEL, C.; CHRETIENP N.
LOCATION: CEAR SEYRAN 932709 FR.
SECTION: CR050003 PUBL CLASS: TECH REP
JOURNAL: EUR. SPACE AGENCY, (SPEC. PUBL.) ESA SP CODEN: ESPUD4

PUBL: 80 ISSUE: ESA SP-144, EXPLOS. PYROTECH.-APPL. SPAT.v PAGES:
163-9 LANUAGE: FR

IDENTIFIERS: CORD DETONATOR EXPLOSIVE ELECTROTHERMAL ANALYSIS

CA09306049727D
DESCRIPTORS: DETORATURSCORD EXPLOSIVES
IDENTIFIERS: ANAL NONDESTRUCTIVE ELECTROTHERMALCAS RE61STRY NUMBERS: 78-11-5 .

22/v'1 aS92202642 CA0Oi24i2O;242W
USE OF A GLC CONCENTRATOR TO IMPROVE ANALYSIS OF LOW LEVELS OF AIRBORNE

HYDRAZINE AND UNSYMMETRICAL DIMETHYLHYDRAZINE
AUTHOR: MAZUR9 J. F.; PODOLAK, G. E.; HEITKEs B. T.
LOCATION: U.S. ARMY ENVIRON. HYS. AGENCY, ABERDEEN PROVIhG GROUND, MD,

21010, USA
SECTION: CR059001, CA079XXX, CAOSOXXX PUBL CLASS: JOURMRL
JOURNAL: AM. IND. HYG. ASSOC. J. CODEN, AIHAAP PUBL: 80 SERIES:
IDENTIFIERS: AIRBORNE HYDRAZINE DETN GAS CHROMRTOG, CONCENTRATOR LOW

LEVEL DIMETHYLHYDRAZIME DETNP METHYLHYDRAZINE DETN AIR GAS CHRI3MATOG

jCA09224202642W
DESCRIPTORS: AIR ANALYSIS
IDENTIFIERS: DETN GAS LIQ CHROMATOG PRECONCENTRATOR COLUMNS HYDRAZIME

DIMETHYLHYDRAZINE

I_CAS REGISTRY NUMBERS: 57-14-7 32-01-2? Co
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ELEMENTARY THEORY OF EXPLOSIONS FOR EJECTIONS AND THEIR SIMULATION USING
ARTIFICIAL GRAVITY
AUTHOR: BARSAMAEVP S. B.; GUROVICH, V. TS.; RASSHIKHIN, K. A.;

STANYUKOVICHP K. P.
LOCATION: INST. FIZ. MEKH. GORN. POROD, FRUNZEs USSR
SECTION: CR050004 PUBL CLASS: JOURNAL
JOURNAL: DOKL. AKAD. NAUK SSSR CODER: DANKAS PUBL: 79 SERIES:

249 ISSUE: I PAGES: 97-100 (PHYS.) LANGUAGE: RUSS
IDENTIFIERS: BLASTING EXPLOSIVE STRIPPING POWER

CR0922218310OZ
DESCRIPTORS: BLRSTING;DETONATION
IDENTIFIERS: DETN STRIPPING POWER EXPLOSION EXPLOSIVES
CR REGISTRY NUMBERS: 78-11-5 73412-41-6

22/5/14
921658Z3 CRO9820165873Z -- HAA

DETONATION INITIATION BEHAVIOR OF SOME HMX/RP/R1PROPELLANTS \
AUTHOR: DICK,-J.-J.
LOCATION: LOS ALAMOS SCI. LAB. UNIV. CALIFORNIA, LOS ALAMOS* NM S7545,

USA
SECTION: CR050002 PUBL CLASS: JOURNAL
JOURNAL: COMBUST. FLAME CODEN: CBFMAO PURL: 80 SERIES: 37

ISSUE: 1 PAGES: 95-9
IDENTIFIERS: HMX PROPELLANT DETONATION INITIATION

CR09220165873Z A
DESCRIPTORS' DETONATION;PROPELLANTS
IDENTIFIERS: DETM INITIATION RELATION CONCN REACTIONS HMX COMPOUNDS CONTG

ALUMINUM AMMONIUM PERCHLORATE
CAS REGISTRY NUMBERSS 2691-41-0 7429-90-5 7790-98-9

22/5/15
92149469 CR092181494695

DETERMINATION METHOD OF THE POWER OF DETONATOR FUSES
AUTHOR: PRIOR, J.
LOCATIONS DYNAMIT NOBEL A.-G., TROISDORF, FED. REP. GER.
SECTION: CR050003 PUBL CLRSS: JOURNAL
JOURNAL: EXPLUSIFS CODEN: EXPLA9 PUBL: 78 SERIES: 31 ISSUE: a

PAGES: 46-58 LANGUAGE: FR
IDENTIFIERS: DETONATOR PRIMER ENERGY DETN

CR09218149469S
DESCRIPTORS: DETOMATORS;PRIMERSEXPLOSIVE
IDENTIFIERS: COMTG DETN DETONATION ENERGY
CRS REGISTRY NUMBERS: 79-11-5 f:*--,
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92127057 CA09215127057D
DETERMINATION OF DAMINOZIDE RESIDUES ON FOODS AND ITS DEGRADATION TO

1,-DIMETHYLMYDRAZINE BY COOKING
AUTHOR: NEWSOME, WILLIAM H.
LOCATIONS FOOD RES. DIV., DEP. NATL. HEALTH WELFARE, OTTAWA, ON, KIA 0L2,

T CAN.
SECTION: CR017002, CAO05XXX PURL CLASS: JOURNAL
JOURNAL: J. ARIC. FOOD CHEM. CODEN: JAFCAU PUBL: 80 SERIES: 28

ISSUE: 2 PAGES: 319-21
T IDENTIFIERS: DAMINOZIDE GAS CHROMATOG, APPLE DAMINOZIDE DETH COOKING

APPLE DAMINOZIDE, HYDRAZINE APPLE DAMINOZIDE

CA09215127057D
DESCRIPTORS: RPPLE COOKING;GRRPE;PEACH;PLUM;TOMATO
IDENTIFIERS: FORMATION DRMINOZIDE HYDRAZIDES DETN FOOD GAS CHROMATOG

APPLES DECOMPN DIMETHYL$YDRAZINE

CAS R96ISTRY NUMBERS: 57-14-7 1596-84-5

22/5/17

9a0381488 CR0921 00814880
ELECTROCHEMICAL DETERMINATION OF HYDRAZINE AND METHYL- AND

*- 1,1-DIMETHYLHYDRAZINE IN AIR
AUTHOR: STETTER, J. P.; TELLEFSEN, K. A.; SAUNDERS* R. A.; DECORPO, J. J.
LOCATIONS ENERGETICS SCI. DIV., BECTON DICKINSON AND CO.. ELMSFORDP NY,

10523, USA
SECTION: CA05900a, CAOEXXXs CWO79XXX, CAOGOXXX PURL CLASS: JOURNAL
JOURNAL: TALANTA CODEN: TLNTA2 PUBL: 79 SERIESt 26 ISSUE: 9

* PAGES: 799-804
IDENTIFIERS: HYDRAZINE DETN AIR ELECTROCHEM CELL, METHYLHYDRAZIIE DETN

AIR ELECTROCHEM CEtL

CR09210081488Q
DESCRIPTORS: AIR ANALYSIS;ELECTROLYTIC CELLS
IDENTIFIERS% DETh ELECTROCHEM HYDRAZINE METHYLHYDRAZINE HYDRAZINES
CAt REGISTRY NUMBERS: 57-14-? 60-34-4 302-01-a

92025169 " CA09204025169Z
HIGH-RESOLUTION FOURIER TRANSFORM INFRARED SPECTROSCOPY FOR THE

INVESTIGATION OF DECOMPOSITION GASES GENERATED BY AGING ORGANIC MATERIALS
AUTHOR: HAALAND, D. M.; RIVORD, G. E.
LOCATIONS SANDIA LAB., ALBUQUERQUE, NM, USA

*.SECTIONS CA050003 PURL CLASS: TECH REP
JOURNAL: REPORT CODEM D3REP3 PUBL: 79 ISSUE: SAMD-79-0935C,

CONF-790632-6, PAGES: 6 PP.
" CITATIONS ENERGY RES. ABSTR. 1979, 4(1759 ABSTR. NO. 45310
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Ii CAOO t6
DESCRIPTORS: EXPLOSIVESIINFRARED SPECTRA, FOURIER-TRAMSFORM
IDENTI.IERS:---AGING DECOMPN $AS PRODUCT DETN LONG TERM FOURIER tR

"PECTROSCOPY ANALYSIS PROPELLANTS RAtISFER GASES
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1.

1.0 INTRODUCTION1.
This document describes the quality control procedures to be used for

the methods development and analysis efforts required in this project.

The plan described in the following six sections complies with the

U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) Quality
Assurance (QA) Program and with Environmental Science and Engineering,

Inc. (ESE) policy. ESE supports an active, comprehensive QA program

within its Technical Operations Division, which is described in the

Division's Operations Manual. A major focus of the ESE QA program is

the development of a project Quality Assurance/Quality Control (QA/QC)

plan describing the specific application of ESE procedures to control

and monitor any project.

The specific objectives of this plan are to describe in detail the

process for controlling the validity of the data generated for documen-

tation of the analytical methods developed. The Project QA Plan

provides a mechanism for documentation of the liuits of precision,

accuracy, And sensitivity of all analytical systems generating data.

The prospective analytical approach for each analyte will be described

in the proposed method reports which will be submitted for approval a

required by USATHAMA. The analytical systems controls and data

validation procedures described in this Quality Control Plan will be

I employed to ensure valid, properly formatted data defining the

precision, accuracy, and sensitivity of each method. Reports will also

be submitted to USATHAMA documenting the methods in both natural and

standard media.

[
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2.0 ORGANIZATION AND RESPONSIBILITIES FOR QUALITY ASSURANCE

The Quality Control Plan functions according to the USATHAMA central-

laboratory/field-laboratory concept. ESE acts as the field laboratory

which is monitored by the USATHAMA Central Laboratory QA Coordinator.

The overall QA/QC organization to provide valid analytical methods to

the commander of USATHAMA is shown in Figure 2-1. The function of the

plan and QA responsibilities of each of the project participants are

outlined in the following subsections.

2.1 OVERALL PLAN FUNCTION

Figure 2-1 depicts the manner in which the ESE Project Quality

Assurance/Quality Control (QA/QC) Supervisor monitors the conduct of the

project. In this position, the QA/QC Supervisor is not directly

subordinate to anyone responsible for analytical methods development;

the supervisor reports to the ESE Project Manager and the USATHANA

Central Laboratory QA Coordinator. The specific responsibilities of the

QA/QC Supervisor are detailed in Paragraph 2.2.2.

The analyst, under the supervision of the Analytical Team Leader,

performs the analyses associated with methods development and submits

the results to the Analytical Team Leader for approval. The Analytical

Team Leader writes the methods development reports in approved UATHAMA

format. The Analytical Team Leader also writes the Proposed Method

Development Plan in the USATHAMA format prior to the beginning of mork

on a method. The Method Development Plan will be submitted to USATHAMA

for approval before work begins.

2
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The personnel having a direct role in project QA/QC are the ESE Project

QA/QC Supervisor, the USATHAMA Central Laboratory QA Coordinator, the

ESE Project Manager, the ESE Analytical Team Leader, and the analysts.

2.2 QA/QC RESPONSIBILITIES

2.2.1 USATHAMA CENTRAL LABORATORY QA COORDINATOR

The Central Laboratory of USATHAMA is responsible to the Commander of

the Agency for the quality of data collected in support of its prograns.

The USATHAMA Central Laboratory QA Coordinator, therefore, has the

following responsibilities in fulfilling this objective:

1. To provide technical evaluation of field laboratory QA/QC

procedures;

2. To provide Standard Analytical Reference Materials (SARMS) with 7

supporting documentation to field laboratories;

3. To provide QA training as required;

4. To provide technical evaluation of field laboratory methods

development documentation;

5. To notify the USATHAMA Project Officer, ESE Project Director,

ESE Project Manager, and ESE QA/QC Supervisor when a situation

exists which precludes statistical control of results; and

L. To provide continuous review of the implementation of the field

laboratory QA/QC plan and report the findings to the USATHAMA

Project Officer.

2.2.2 ESE PROJECT QA/QC SUPERVISOR

The ESE Project QA/QC Supervisor is responsible to the ESE Project

Manager and the USATHAMA Central Laboratory QA Coordinator to monitor

the quality of all data reported to USATEAMA in the method report and

documentation. The supervisor's specific responsibilities are:

I. To provide an independent overview of the QC practices of the

project tem from beginning of the project through acceptance

of the final report;

4
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2. To ensure that the team completes all QC requirements of the

project plan;

" -3. To approve each method report in the USATHAMA format, and to

ensure that the documentation data are correct;

. 4. To audit data files for correct entry of all data;

5. To assure the availability of SARMS or, where unavailable, to

approve the use of interim reference materials;

6. To arrange for and report on purity analyses and stability

checks on interim reference materials;

7. To assure the delivery of interim reference materials to the

Central QC Laboratory;

8. To establish and maintain liaison between the ESE Project Team

and the USATHAMA Central QA Coordinator; and

9. To maintain a vigil of the entire laboratory in order to detect

conditions which might jeopardize control of the various

analytical systems.

2 .; ESE PROJECT MANAGER

F T.3? "roject Manager is responsible for effective day-to-day

,zan geut of the total project staff, as well as direct communication

and liaison with the USATHAMA Project Officer. The Project Manager's

responsibility specific to QA/QC is to approve all QA/QC procedures to

be used in the conduct of the project, to provide additional authority

when required to support the ESE Project QA/QC Supervisor, and to

approve of any revisions to the project QC plan.

The Project Manager is responsible for effective day-to-day coordination

of all USATHAMA activity, guidance and technical support in resolution

of QC problems, and support of QA/QC preparation of unknown reference

samples. This manager also provides additional authority, when needed,

to support the QA/QC Supervisor in analytical matters.

5
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2.2.4 ESE ANALYTICAL LEADER

The ESE Analytical Leader is responsible for provision of accurate

laboratory data produced by analysts under his supervision. He is

responsible to the ESE Project QA/QC Supervisor to ensure that all

quality control procedures are followed and documentation provided. The

QA role of the Analytical Leader is, therefore, to assist the QA

supervisor in enforcing QA/QC procedures. 1.

2.2.5 ESE ANALYSTS AND SAMPLING PERSONNEL_.

The following sections describe the QA/QC procedures required to define

and document the validity of data forthcoming from the conduct of this

project. It is the responsibility of the analysts to perform the

required QA/QC procedures and to document all observations in logbooks

in permanent ink. It is also the responsibility of the analyst to

perform preliminary QC checks to ensure that each batch of data being

generated meets all analytical systems criteria. The analyst must also

bring any unusual observation or analytical problem to the immediate

attention of his/her Analytical Leader or the ESE Project QA/QC

Supervisor.

Each analyst is responsible for ensuring that sufficient quantities of

reagents of adequate quality are available for the performance of the

required analyses.

6
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3.0 DOCUMENT CONTROL AND REVISIONS

3.1 RATIONALE

The Project Quality Assurance Plan includes a system for documenting and

updating all sampling, analytical, and data handling procedures used by

ESE for this project. This system uses a standardized indexing format

and provides for easy replacement of pages, if techniques and procedures

are changed.

3.2 STANDARD OPERATING PROCEDURES

The standardized indexing format includes, at the top of each page, the

following information:

1. Section Number,

2. Revision Number, and

3. Date of Revision.

Section numbers within a document are in numerical order. Revision

number represents the most current version of a section, with the

original version listed as "0". The date represents the date of the

latest version. The text of each major section begins on a new page.

If revisions to a section involve expansion which adds pages, the

additional pages will be numbered la, lb, 1c, etc. For example, if

Page 4 were revised and expanded to include an extra paragraph, the

overflow would appear on a page designated 4a. The original Page 4

would then be removed from the manual and replaced by revised Page 4 and

Page 4a. This system allows expansion within a section without

renumbering the entire document.

The Table of Contents follows the same structure as the text and

contains a space for "Revision." When a revision to the text is made,

7
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the Table of Contents page is updated by retyping, or by striking out

the old revision number and printing in the current revision number.

Proposed revisions will be reviewed by the Project QA/QC Supervisor,

Project Manager, and Project Director and then sent to the USATHANA

Central QA Laboratory Coordinator and USATHAMA Project Officer for final

approval.

Ii
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I.

1 4.0 ANALYST TRAINING AND CERTIFICATION

4.1 RATIONALE

j. Accurate and precise analyses can be conducted only by well-trained

analysts who correctly operate instruments, thoroughly understand

Sanalytical methods, use good analytical technique, and understand and

practice necessary QC procedures. While the necessary training may

initially be obtained from education, experience, or on-the-job

training, it is imperative that the analyst's capabilities be verified

prior to conducting analyses and reviewed periodically thereafter.

4.2 STANDARD OPERATING PROCEDURES

The QA/QC Supervisor will provide "test" samples and assist ESE

Technical Operations Management when possible in the training of samp-

ling team members and analysts; however, such training is the ultimate

responsibility of ESE Technical Operations Management.

Direct responsibility for analytical training rests with the ESE

administrative management level of Group Leader.

Each analyst will be reviewed by his/her Group Leader to ensure:! 1. Working knowledge of QC policies,

2. Preparation of standards mad spikes,

- 3. Acceptable analysis of reference samples,

4. Acceptable analysis of replicates and spikes,

5. Detection limit and standard calibration requirements, and

1' 6. Knowledge of preventive maintenance techniques.

This evaluation mast be done for every analysis the analyst perfote on

" this project.

•[I
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A list of qualified personnel for each sampling and analytical task will

be provided by the appropriate Group Leaders to the ESE QA/QC

Supervisor.

The QA/QC Supervisor will keep a logbook arranged by type of analysis
(e.g., Autoanalyzer, atomic absorption, gas chromatography, GC/NS,

etc.). Analysts' names will be entered under the qualified headings

with the Group Leader's initials and date certified (Figure 4-1). At

annual intervals, each Group Leader will review the capabilities of each L
analyst and recommend whether certification should be continued. I.
4.3 PERFORMANCE AUDIT

During the conduct of this project, the QA/QC Supervisor will inspect

the laboratory occasionally to determine if analyses are being performed

only by certified analysts. Data reports require the name of the

analyst on the report sheet. Reruns of samples may be required if

certified analysts did not perform the analysis.

4.4 ANALYST CERTIFICATION PROCEDURES

The confidence in any analytical method is limited if the analyst has

not demonstrated skill in performing the analysis. Analysts will,

therefore, not only be trained in QC techniques, but also be required to

qualify to run analyses. The qualification test results for certifying

analysts must be statistically valid and must include evaluation of

precision and accuracy.

Analysts will demonstrate their proficiency in conducting chemical

analyses by analysing spiked standard samples using approved analytical

methods. Proficiency will be demonstrated for each analyte to be

analyzed by the analyst prior to conducting analyses of natural samples.

For any analytical method, analysts or an analytical tem consisting of

specific individuals will be considered to be certified to run a par-

ticular analysis if they have been involved in developing the precision

10
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and accuracy data needed for method documentation. The precision and

accuracy data generated during method documentation must be acceptable

to the Analytical Te Leader and the QA/QC Supervisor.

The analytical team responsible for gas chromatographic (c) and high-

performance liquid chromatographic (HPLC) analyses will usually consist

of a technician performing the sample work-up and extraction and a

chemist performing the subsequent instrumental analysis of the extract.

Should this team fail to pass the required QC tests of precision and

accuracy for a certain batch of smples, corrective action will require

the investigation of the instrumental analysis separate fro the

extraction. The chemist performing the instrumental analysis is

considered certified if he/she meets the instrumental calibration QC

criteria. The extraction procedure will then be identified as out of

control. The extraction technician can gain recertification by

repeating the extraction in question and meeting the QC criteria. If

the analyst fails to produce acceptable results, analysis is stopped

until the reason for failure is identified and corrected.

12
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1.
1.

5.0 LABORATORY AND METHOD CERTIFICATION

5.1 RATIONALE

Each new method developed requires documentation including precision and

accuracy data. A specified detection limit must be achievable for a

particular analyte. This detection limit must be statistically

meaningful and consistently obtainable. This section outlines the

testing procedures which will be used to define the detection limit,

.1 precision, and accuracy of each analytical method, according to

standardized criteria.

5.2 METHOD CERTIFICATION

The following paragraphs describe the procedures to be used to certify

analytical methods. All methods certification and documentation data

will be developed initially in standard matrices and subsequently

in natural samples.

The standard matrix for documentation of organic analysis will be

deionized, organic-free (ASTH Type IV) water containing 100 milligrams

per liter (mg/L) each of sulfate and chloride prepared as follow

1. Add 1.48 grams (g) of dried reagent-grade anhydrous sodium

sulfate to a I-liter (L) volumetric flask and dilute to volune;

2. Add 1.65 g of dried reagent grade sodium chloride to a l-L

volumetric flask and dilute to volume; and

3. Transfer 100 milliliters (ml) of each (1 and 2) to a l-L flask

and dilute to volume.

The resulting solution contains 100 mg/L each of chloride and sulfate

ions. This water will be used for blanks or will be spiked with the

compound(s) of interest prior to processing through the complete

analytical protocol.

13
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The natural water sample used in method documentation can be any

uncontaminated natural water sample, preferably a surface water or a

composite of surface and ground water, which is available in sufficient

quantities to conduct the natural sample testing for all, the analytical

methods developed under this contract. The same natural water should be

used for all analytical methods documentation.

The data for documentation of analyses in soils will be developed using

a standard soil matrix. The standard soil will consist of a homogeneous

sample of sufficient size to provide a single continuous source for all

method documentation. An aliquot of sieved (Paragraph 7.1.3.2) standard

soil will be carried through each set of documentation samples to act as V
a blank. Added concentrations of the subject analyte(s) will be

dissolved in a volume of solvent just sufficient to vet the soil. This

solution is poured over the subsample of soil and allowed to stand for

I hour prior to beginning analysis.

The natural soil sample to be used in method documentation can be any

uncontaminated soil, preferably a composite of several soil types, which

is dried, sieved, and available in sufficient quantities for all the

method documentation work to be performed in this project.

Quantitative analytical methods will be developed in this project to

quantitate the level of contamination of specific analytes in various

environmental matrices. The process of quantitative documentation

requires the detection limit of the analytical method to be determined

and the precision and accuracy documented to a statistically reliable

degree.

Certification of a quantitative method requires analysis of separate

batches of standard media (water, soil, etc.) samples spiked at the

following concentrations: 0.5X, 1.01, 2.01, 5.01, and 10X, where X is

the required/desired detection limit. tach level is spiked and analysed

once on 4 separate days. A blank sample of the standard matrix is also

analysed with each batch.
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A plot of found-versus-target concentration (imount spiked) is

generated, and the detection limit is calculated using the methods of

Hubaux and Vos. The precision of the method will be the standard error

of the best-fit linear regression line of found-versus-target concen-
tration values for the data generated over the 4 days of certification

testing. The accuracy of the method will be the slope of the best-fit

linear regression line of found-versus-target concentrations. The

method will be written in the USATHAMA format and will be submitted to

USATAMA for approval along with the certification data.

I
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6.0 SAMPLE COLLECTION

6.1 RATIONALE

As part of the verification of the developed methods in natural
water/soil samples, it may be necessary to collect contaminated or

"blank" natural samples for analysis by the methods developed during the

project. j

6.2 QA PROCEDURES FOR SAMPLING j
A field team and leader will be designated by the Project Manager. The
Field Team Leader is responsible for proper sampling, labeling of

samples, preservation, and shipment of samples to the laboratory in a

proper manner.

Water samples will be stored and shipped in amber glass bottles with

Teflon*-lined lids. Soil samples will be contained in glass Mason jars.

These containers will be prepared by thorough washing with hot detergent

and water, triple rinsing with tap water, triple rinsing with deionized

water, rinsing with methanol, air drying, and baking at 100*C for

several hours.

Sampling locations will be determined in discussions between the Project

Manager and the USATHAMA Project Officer.

All collected samples will be stored under refrigeration at 4C at all

times prior to subsampling or analysis.

16
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7.0 ANALYTICAL SYSTE1S CONTROL

7.1 GENERAL PROCEDURES

7.1.1 NOTEBOOKS AND INSTRUMENT LOGBOOKS

The ultimate repository for information concerning analyses performed in

the laboratory is the analyst's personal laboratory notebook and the

instrument logbooks.

Each analyst is required to have a personal notebook which is designated

by a unique number. Each analyst is responsible for maintaining

complete laboratory notes. The ESE QA/QC Supervisor maintains a list of

assigned notebook numbers and audits laboratory notebooks without

notice. The list of assigned notebooks contains the following

information:

1. Notebook number,

2. Assignee,

3. Responsible Group Leader, and

4. Disposition or location and date.

Laboratory notebooks for this project will not be taken from ESE without

written permission of the Analytical Term Leader and the ESE Project

Manager. After crmpleted notebooks are approved by the analyst, Q$/QC

Supervisor, and Group Leader, custody is transferred to the Analytical

V Tes Leader. Every entry into the notebook should be dated and signed.

Each Group Leader is responsible for ensuring that the notebook entries

are counter-signed. Entries in the personal notebook will vary

depending on the role of the individual in the laboratory and the type

of work being performed. At a minimum, the personal notebook should

contain:

1. A reference to or a description of the procedures used for

[ staple work-up or analysis,

[ 17
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2. A summary of the samples extracted or analyzed,

3. Weighings and calculations of standard concentrations, and

4. Information on spiking procedures, and observations and

comments on the procedures or samples.

The logbook consists of a bound notebook containing the preventive

maintenance schedule.

Each time an instrument is used for sample analysis, the following

information is entered:

1. Date of analysis;

2. Project name and number;

3. Number of samples analyzed, and type of sample;

4. Time spent on analysis (start to finish);

5. Preventive maintenance performed, if any;

6. Time spent on preventive maintenance;

7. Instrument calibration performed, if any; and

8. Name of analyst.

Additional notes are made in the instrument logs when required. These

notes are particularly important when abnormal instrument or analytical

performance is observed. It is the analyst's responsibility to ensure

that instrument logs are properly filled out and kept up to date. The

QA/QC Supervisor monitors and audits the status of instrument logbooks.

Copies of all pages of instrument logbooks for instruments used in this

project will be compiled monthly by the analyst and approved by the

QA/QC Supervisor. This instrument documentation record becomes a part

of the permanent project QA/QC record.

7.1.2 STANDARDS AND SARMS

All materials used to prepare calibration standards and spiking

standards must be Standard Analytical Reference Materials (SARMS)
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supplied by USATHAMA. SARMS or interim SARMS are materials that have

undergone extensive purity and stability checks. Interim reference

materials may be used when analyses must be run before a SARM is

available. However, the following precautions must be taken:

I. The interim reference material will be stored at 0"C, and a

portion will be retained for comparison with the approved SARM

when available;

2. The following data will be recorded as a minimum description of

the marjrrial:

a. Infrared spectrum;

b. Melting point, decomposition point, or boiling point;

c. NKR spectrum;

d. Elemental analysis; and

e. GC or LC (by difference) analysis.

In cases where SARMS are difficult to obtain or only mall mounts are

available, interim SARMS or standards may be used for all calibration

and spiking work, as long as the purity and response of such materials

can be compared to the purity of the SARM. All reference compounds used

in this project will be stored at OC and protected from light. The

QA/QC Supervisor or Analytical Team Leader will request SARMS as

required. The QA/QC Supervisor maintains a record of receipt of SARMS

and monitors their use. A record of SARM material usage is maintained

which identifies the analyst and date of use.

7.1.3 SAMPLE PREPARATION

The following paragraphs describe the preparation of water, soil, and

sediment samples for analysis.

7.1.3.1 Water Samples

Prior to analysis, groundwater samples will be filtered through a

0.45-micron filter (constructed of a material which is suitable for the

intended analysis) to remove suspended particulate matter. Surface

water samples will not be filtered before analysis. Many organic
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compounds adsorb on particulate matter. Therefore, it is desirable to

detect contaminants migrating in the suspended fraction of the water

column.

7.1.3.2 Soil Samples

Prior to analysis, soil samples will be sieved through a 30-mesh

(500-urn) brass sieve to remove rocks and debris.

LI

Prior to sieving, soil samples should be spread out on the dull side of

aluminum foil to air dry if sufficiently wet.

Soil samples must be properly subsampled before any analysis is

performed. All subsampling must be accomplished with the aid of a

riffle or by proper quartering techniques according to ASTM

Spec ification D346.

A moisture determination in accordance with ASTM Specification D2216-71,

Laboratory Determination of Moisture Content of Soil, will be made on

each solid sample so that analytical data can be reported on a

moisture-free basis.

7.1.4 STANDARD SAMPLES

Preparation of standard water and soil for methods development and

analytical systems control have been described in Paragraph 5.2.

Standard water for inorganic analysis consists of deionized water.

Standard water for organic analysis consists of deionized organic-free

water containing 100 mg/L each of sulfate and chloride. Standard

samples for soil and sediment analysis consist of samples of an approved

standard soil.

7.1.5 INSTRUMENT CALIBRATION AND OPERATING PROCEDURES

A calibration procedure establishes the relationship between an

accurately known calibration standard and the measurement of that

20
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standard by an instrument or analytical procedure. Calibration is not

to be confused with standardization. Standards are run each time an

instrument or procedure is used, while calibration is performed only at

specified intervals.

Operating procedures must be available for all equipment and analytical

instrumentation. Such procedures are generally provided by the

manufacturer.

Written procedures for the operation and calibration of instrumentation

are provided to the analyst in the laboratory to help minimize possible

measurement inconsistencies due to differing techniques, conditions, and

choice of standards. The procedures include the following information:

1. The specific instrument (or group of instruments) and analysis

for which the procedure is applicable;

2. An explanation of theoretical considerations pertinent to the

understanding of both the calibration procedure and the

analysis;

3. Fundamental calibration specifications;

4. A list of requisite standards and equipment for the procedure;

5. Complete presentation of the procedure in a clear, step-by-step

manner; and

6. Specific instructions for obtaining and recording calibration

information.

An up-to-date report for each calibration standard used in the calibra-

tion system should be provided. If calibration services are performed

by a commercial laboratory on a contract basis, copies of reports issued

by them should be maintained on file.

21
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All contractor calibration reports are kept in a suitable file by the QA

Supervisor and contain the following information:

1. Report number;

2. Identification or serial number of the calibration standard to

which the report pertains;

3. Conditions under which the calibration was performed

(temperature, relative humidity, etc.);

4. Accuracy of calibration standards (expressed in percentage or

other suitable terms);

5. Deviation or corrections; and

6. Corrections that must be applied if standard conditions of

temperature, etc., are not met or differ from those at place of

calibration.

Contracts for calibration services should require the contractor to

supply records on traceability of their calibration standards.

All equipment to be calibrated should have affixed to it in plain sight

a tag bearing the following information:

Description:

Ident. No.:
Last Calibrated:

Calibrated By:

Calibration Expires:

NOTE: Use of this instrument beyond the

calibration expiration date is prohibited.

When the equipment size or its intended use limits the application of

labels, an identifying code should be applied.
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Equipment past due for calibration should be removed from service either

physically or, if this is impractical, impounded by tagging or other

means.

7.2 SPECIFIC ANALYTICAL SYSTEMS CONTROL: GC AND HPLC ANALYSES

7.2.1 INSTRUMENT CALIBRATION

Before analyses are performed on the gas chromatograph, the gas flow

rates through the column and detector are measured and the carrier gas

j. flow controllers are calibrated. For roto-meter controllers, the

position of the floating ball is measured versus the gas flow through

the column and a graph of flow rate versus ball position is drawn.

Electronic flow controllers are calibrated according to manufacturer's

specifications, and the agreement between the set flow rate and the

measured flow through the column is checked. A table of measured versus

set flow rate is prepared. The flow rate through the column and

detectors is measured using a volumetric bubblemeter supplied by the

manufacturer. A packed column should be in the instrument, and the oven

and the injector should be at eambient temperature. The flow-rate

setting is checked at the start of an analytical run and periodically

calibrated thereafter, but at least once every 6 months. A record of

the flow rate calibration including charts and tables is kept in the

instrument logbook.

Temperature calibration of the detector, injector, and oven zones in a

GC is accomplished before any analyses are performed. The temperature

in these zones is measured by a calibrated thermocouple placed into the

appropriate zone. The temperature calibration is recorded in the

instrument logbook.

jl For high pressure liquid chromatographa, the system flow rates are

calibrated before any analyses are conducted. The calibration is

performed by measuring the liquid flow at the outlet of the detector

system using a voluetric measurement such as a Class A volumetric[flask. In two pump gradient systems, the flow rates should be checked
23
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with each pump working independently at a 50/50 gradient mixture. A

record of this calibration should be kept in the instrument log book.

HPLC columns should be checked for efficiency, before any analysis is

conducted, according to manufacturer's specifications or another

approved consistent procedure. A record of the column's efficiency and

resolution between adjacent peaks should be kept in the instrument

notebook.

Calibration is performed when a new instrument arrives in the laboratory

and is repeated at periodic intervals thereafter. The instrument [
sensitivity calibration is performed according to the respective

manufacturer's instructions. This sensitivity or performance check is Ii
repeated when instrument performance deterioration is suspected. When

no manufacturer-supplied sensitivity check procedures are available, the

instrument response to a known concentration standard under defined

conditions is to be used to check the sensitivity.

The instrument logbooks should contain:

1. Data of last calibration of flow and teaperature controllers,

and historical curves,

2. Detector calibration calculations and information,

3. A log of the type of analysis run on the instrument including:

a. Column conditions and teaperature zones for OC and

column type, conditions and flow rates for NPLC.

b. Sample numbers or other identification of samples

analyzed.
c. Reference to a notebook page describing the analysis

performed.

d. Date of analysis.

e. Detector used--FID, BCD, UV, fluorescence, etc.

4. Service records.

24.
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7.2.2 PEAK MEASUREMENTS

Three primary means of measuring chromatographic peak response may be

used: area, peak height, and peak height x width-at-half-height.

Peak height is preferred in those cases where very noisy signals Uske

the use of electronic integrators difficult in complex chromatograms.

In this project, all these means of peak response measurement may be

[i used. However, once the choice of peak response measurement is made,

the same mode of peak response measurement will be used consistently

L throughout the project for that particular analysis. The choice of

method used for a particular analysis is made by the analyst after

[i consultation with his/her supervisor.

Analyte peaks on a chromacogran must be identified. The peaks of

interest must be marked to definitively specify which peaks mere used in

the quantitation and calculations.

The primary means of peak identification for an analyte in the chromato-

graphic methods is that the peak of interest falls within a

predetermined retention time windov of the retention time of an

authentic standard of that particular analyte. Usually a retention

window of 5% will be used for peak identification. However, for

temerature-programed or solvent-programmed runs, a retention window of

+2 standard deviation units around the average value of the standard

peak retention time should be used as a confirmatory check. The average

peak retention time is determined from analytical standards run that

day.

7.2.3 SAMPLE DOCUMNTATIOM

An analyst's extraction logsheet will be filled out by the analyst

performing the sample extraction and will accompany the batch of samples

throughout the analysis procedure. (An example of this extraction

K logsheet is given in Figure 7-1). The data on this sheet will include,

at a miniuum, the following:
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j 1. Notebook or literature reference to procedure used for

extraction,

[ 2. Type of sample matrix,

3. Date of extraction,

4. Volume or weight of sample taken for analysis,

. 5. Dry-weight of the sample-if necessary,

6. Final volume of extract,

7. Project number and name,

8. Notes and coents affecting the extraction procedure, and

j 9. Name or initials of the analyst.

- 7.2.4 CHROMATOGRAPHIC LOGSHEETS

Two types of chromatographic logsheets are used. One sheet is the

standard curve sheet (Figure 7-2) which lists the standards, their

concentrations, and the respective peak heights or areas. The second

sheet, the chromatographic data sheet (Figure 7-3), lists the samples in

order of their injection with the factors needed for calculation of the

concentrations.

7.3 ANALYTICAL SYSTEMS QUALITY CONTROL PROCEDURES

The following describes the quality control procedures and requirements

for analyses conducted during this project. These quality control

requirements are in addition to any specific calibration requirements

presented in Subsection 7.2.

An initial instrumental standardization will be performed before amy

-samples are analyzed. Calibration standards will be prepared and

analyzed in the concentration series 0 (blank), 0.5X, X, 2X, 5X, and 10X

i where X is the concentration in the extract or sample being analyzed

corresponding to the desired detection limit. For example, if the

desired detection limit in the matrix is I microgram per liter (ug/L)

and a thousandfold concentration is required before introduction into am

instrument, X would be 1 ug/L. The data from the initial calibrations

during documentation will be averaged and used to calculate: (1) the

F 27
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average instrumental Hubaux and Vos detection limit, and (2) the average

slope of the calibration curve.

The average slope will be used to initiate and set up the control

limits. During the development of the method certification data for

each analyte, each instrument will be controlled using a standard curve

consisting of three standards plus one procedure blank analyzed at the

beginning of the analytical batch. A single standard (mid-scale) will

be analyzed at the end of the analysis to measure instrument drift. An

instrument shall be considered out of control if the slope of the L
calibration curve decreases by more than 30 percent. The response

values for the mid-scale standard analyzed before and after the run must

agree within 30 percent. The correlation coefficient for the liear

regression of the calibration curve must always exceed 0.995. The value

of each of these checks will be recorded in the analyst's notebook.

The analysts are responsible for ensuring that each routine

standardization meets the QC criteria. Failure of the analytical system

to meet all QC criteria requires immediate corrective action, which may

include rerunning samples judged out of control.

All data reported using the calibration curve must be bracketed on the

upper and lower end by standards.

At least one procedure blank sample will be included with each batch of

samples.

7.4 DEVELOPMENT OF ANALYTICAL METHODS

Development of a method will be initiated by submitting Documentation

for Proposed Methods Development to the USATHAA Chemistry Group for

approval prior to development activity (Appendix 4 of U8ATHANA Qh

Program, 1980). Each of the methods proposals will contain the

following information, organized in the format outlined below:
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DOCUMENTATION FOR PROPOSED METHOD DEVELOPMENT:

(ANALYTE) IN (SOIL/WATER)

1. SUBMITTING ORGANIZATION.

2. JUSTIFICATION OF WORK.

3. OUTLINE OF PROPOSED EFFORT.

4. PROPOSED SAMPLES TO BE USED IN DEVELOPMENT.

5. ESTIMATE OF RESOURCES REQUIRED.

6. PROPOSED SOURCE OF RESOURCES.

7. IMPACT OF REPROGRAMMING USATHAMA FUNDS.

8. ESTIMATED TIME TO COMPLETE WORK AND SUBMIT REPORT.

The USATHAMA Chemistry Group will evaluate the proposed approach for

technical soundness and economy of effort. The Chemistry Group will

then request that ESE proceed with the method development as proposed or

with recommended modifications.

ESE personnel will investigate the proposed procedures to be included in

the method. Should any of the proposed procedures approved by the

Chemistry Group be found to be inadequate for the method, alternative

procedures will be investigated after approval by the Chemistry Group.

7.5 CHARACTERIZATION OF ANALYTICAL METHODS

When the analytical procedures have been finalized by ESE, the

procedures will be documented according to the requirements specified in

Appendix 2 of the USATHAMA QA Program (August 1980).

ESE will generate precision and accuracy data on the proposed method in

standard samples and in natural media.

Using the precision and accuracy data, the detection limit will be

calculated as well as the sensitivity at the detection limit for

inclusion in the documentation of the method.
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Full documentation of the method will be submitted to the USATHAMA

Chemistry Group. The Chemistry Group will review the documentation for

completeness and comprehension. Based on this review, the Development

Laboratory will make any necessary modifications prior to approval of

the method by the USATHAMA Chemistry Group.

These method documentation data will include estimates of the standard

deviation, percent inaccuracy, and percent imprecision.

1. The standard deviations will be calculated at each target

concentration acording to:

Standard a S 2 2 1/2

deviation tS n 1
n-i J

where Xi - the ith found concentration

n - total number of X values

and I - summation from i - i to i - n

2. The percent inaccuracy will be calculated at each target

concentration according to

x - TC
percent inaccuracy x x 100

TC

where x = average found concentration at the particular TC

and TC - target concentration.

3. The percent imprecision will be calculated at each target

concentration according to

percent imprecision - x 100

where s - standard deviation

and 7 - average found concentration at the particular

target concentration.
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Upon final approval of the documented method, the Chemistry Group will

assign a number to the method.

I. The format below (USATHAMA Q& Program, August 1980) will be followed for

submittal of all method documentation data.

TITLE: AALYTE(S) IN (WATER/SOIL) SAMPLES

1. Application: State analytes that can be analyzed by this

method and media in which the analytes are contained (e.g., TNT

in soil). The media should be the original matrices to be

analyzed (e.g., soil, air, water, biological tissue, etc.)

1. rather than intermediates in the procedure (e.g., bubbler from

air sampling, extract from soil, etc.).

a. Tested Concentration Range: State concentration range in

the original matrix that was tested for this validation

(e.g., 1 to 20 ug/L in water, 5 to 100 mg/ 3 in air,

etc.).

b. Sensitivity: Response (peak height, area, etc.) observed

for absolute quantity of analyte (state quantity) at the

detection limit (e.g., 1,500 area units for 40 picograms).

c. Detection Limit: Limit of detection for complete

analytical method, determined from precision and accuracy

data generated from spiked standard samples (standard

water, soil, etc.) and calculated according to Hubaux and

Vos, expressed in terms of concentration in original medium

(soil, water, etc.).

d. Interferences: State any observed interferences or any

interferences anticipated based on the method of analysis.

e. Analysis Rate: State the estimated number of samples that

can be analyzed by this method in an 8-hour day after

instrument calibration.
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2. Chemistry:

a. List physical and chemical properties of analyte(s),

including Chemical Abstracts Service Registry number.

b. Describe in detail any chemical reactions involved in the

analytical method (such as conversion of organic nitrogen

to mmonia followed by conversion to ammonium chloride in

hydrochloric acid).

3. Apparatus:

a. Instrumentation: List makes and models of instruments, as

well as specific characteristics (such as detectors).

b. Parameters: List operating parameters of instruments, as

well as chromatography columns.

c. Hardware/Glassware: List miscellaneous equipment. Include [

sources for specialty or trademarked items. h,

d. Chemicals: List chemicals necessary. State sources of

analytical reference materials.

4. Standards:

a. Calibration standards: Describe, in detail, the step-by-

step procedure for preparing instrument calibration

standards to include proper storage and shelf life.

b. Control spikes: Describe, in detail, the step-by-step

procedure for preparing spikes of control samples.

5. Procedure: Describe, in detail, the step-by-step procedure for

analyzing control and actual samples, as veil as instrument

calibration procedures. Include instructions for constructing

necessary graphs.

6. Calculations: Describe, in detail, the manner by which the

concentrations in the original matrix are calculated from the

responses obtained in the analysis.
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1. 7. References: List any references used as a source for the

procedures.

8. Data:

a. Tabulate precision and accuracy data by indicating found
concentrations (uncorrected) for each target concentration

by day.

b. Tabulate average found value, standard deviation, percent

imprecision, and percent inaccuracy for each target value.

c. Plot the found concentration versus the target

concentration (include linear regression, confidenceL bounds, and Hubaux and Vos detection limit annoted).

d. Plot the standard deviation versus the target

* concentration.

e. Plot the percent inaccuracy versus the target

concentration.

f. Plot the percent imprecision versus the target

concentration.

35
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I. APPENDIX C
COMPUTfER PROGRAM FOR REDUCTION OF HPLC SCREEN DATA

The various subsections of the program are described below:

Steps 10 through 300-Calculates the ug/L of the analytes in the

original sample from the ray data and stores the peak heights for

later calculation of ratios.

Steps 400 through 430-Lists the analyte names under the file

variables HIM1 and H2(1) which are the first and last parts of the

compound name, respectively.

Steps 600 through 710-Lists a set of calibration curve data for an

analyte on a particular detector.

Steps 992 through 1446--Calculates the calibration data for all of

the analytes and stores the resultant slope, intercept, and

correlation coefficient for subsequent use under a compound index

number, 1, and a file number, Fl, for each detector:

Fl - 1 for the LC-75

F1 - 2for the 254n-

F1 - 3 for fluorescence

The compound index number, I, is equivalent to the X index number

used in the calibration curve data. The correlation coefficient is

stored under Gu(X). The slope and intercept are stored under 3(1)

and KC(X), respectively.

Ii Steps 1495 through 1860-Calculates the detector ratios for each

analyte in a single chromatographic run. 31(l), B2(I), and BUDI

I are the peak heights of component I on the LC-75, 254 am, and
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fluorescence detectors, respectively. The ratio of the peak height

of component I on the LC-75 detector to the peak height on the

254 m detector is stored as T(I) for responses normalized to the

ortho-nitrotoluene response and V(I) for the unnormalized response.

R(I) and S(I) are used for the unnormalized 254 n= to fluorescence

ratio and LC-75 to fluorescence ratio, respectively.

Steps 1899 through 1932--Subroutine for manual entry of peak

heights for the 254 m detector.

Steps 1969 to 1998--Manual entry of peak heights for fluorescence

detector. (Manual entry for LC-75 peak heights uses Steve 130 to

150.)

Step 2082--Defines a special function key for initiation of the

ratio program at 992.

Step 2086--Defines a special function key for initiation of the

data reduction program at Step 15.

An example of the output of the ratio calculation program beginning at

Step 1495 is presented below. Ratios unnormalized and normalized

responses are calculated.

Step 2090--Defines a special function key for initiation of the

detector ratio program at 1495.

The following is a listing of the input and output of a typical data set

calculation for the LC-75 data. In the input section, the program

provides a series of prompting statements to set up the data file, and

the peak heights are entered for each prompted compound. The output

section is titled report and contains the concentration in the sample,

the peak height as a check for input errors, and the ratio of the peak

height to the peak height of ortho-nitrotoluene.

2
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PETN, HKK, AND RDX IN WATER SAMPLES

1.. 1. APPLICATION

This method is applicable to the quantitative analysis of environmental

water samples for PETN, IKX, and RDX.

A. TESTED CONCENTRATION RANGE

The tested concentration ranges in natural and standard water

are listed below:

Analyte Range (ug/L)

PETN 1.58 to 31.6
MCX 0.43 to 8.5
RDX 1.26 co 25.2

B. SENSITIVITY

The normalized responses (integrator counts) at the natural

water detection limits designated in Section I(C) are listed

below:

Analyte Integrator Counts Nanogr ams

PETN 37700 281.1
HiX 121000 143.7
RDX 173000 256.2

The normalized responses (integrator counts) at the standard

water detection limits designated in Section 1(C) are listed

below:

Analyte Intearator Counts Nanograms

PETN 27179 213.1
MI 96096 110.4

RDX 68495 91.1

C. DETECTION LIMIT

The detection limits in natural water, calculated according to

Hubaux and Vos (1970), are listed below:

Analyte Detection Limit (ug/L)

PETN 4.5
104 2.3
RDX 4.1
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The detection limits in standard water, calculated according to

Hubaux and Vos (1970), are listed below: I

Analyte Detection Limit (us/L)

PITN 3.4

HMX 1.8

IDX 1.5

D. INTERFERENCES

This method may be subject to interferences from nonvolatile

organic compounds which absorb light at 215 am and are extract-

able from water with methylene chloride. [1

E. ANALYSIS RATE iI
After instrument calibration, one analyst can analyze

10 extracts in an 8-hour day. One analyst can perform Ii
approximately eight extractions in an 8-hour day. LI

2. CHEMISTRY H
A. ALTERNATE NOMENCLATURE AND CHEMICAL M STRACT SERVICE (CAS)

REGISTRY NU S ER C g

CAB Registry
Analyte Alternate Nomenclature Number

PETN Pentaerythrite tetranitrate 78-11-5 11
Pentaerythritol tetranitrate

2,2-B is [ (nitrooxy)-methyll-

1,3-Propanediol dinitrate (ester)

Nitropentaerythritol

Pentrit 11
KIm Cyclotetramethylenetetranitrmaine 2691-41-0

Octahydro-l, 3,5, 7-tatrasocine H
1,3,5, 7-Tetranitro-1,3,5, 7-

tetrazacyclooctane

Oc togen

RDX Cyclotrimethylenetrinitrmine 121-"6-4

Hexogen, T-4, Cyclonite, Haxahydro-

1,3, 4-trinitro-s-triazine

2
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B. PUSICL, AND C MICAL PIOPIRTIES Ot ANALY!!

Melting Boiling Density
Analyte Formula Point (C) Point (2/m1)

PIT! CSBSN 4 012  141 180 at 1.77
50 -t orr

MX C4 HSN808  276 - 1.77-1.96*

tDX C3 H6N606  204.1 - 1.816

* There are four polymorphic forms of Ra vith this range of

densities.

Cheical Structures

PMT Tj2 103
03MW2C'C "-C 2 If03

I
CE2 N03

C2RH CH O

/ 0. 922

N022

ADZ N02

3
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C. CHEMICAL REACTIONS

All of these compounds are highly explosive, and caution should

be used in handling. Each compound is subject to alkaline

hydrolysis in aqueous solution.

3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 dual-pump liquid chromatograph equipped with a

Perkin-Elmer LC-75 variable-wavelength detector interfaced to a

Spectra Physics Model 4100 computing integrator.

B. HPLC INSTRUMENTAL PARAMETERS I
1. Detector: Perkin-Elmer LC-75 variable-wavelength detector

(X - 215 in)

2. Column: Zorbax-CN (4.6-mu ID x 25 cu)

Particle size: 7-8 um I
3. Flow Rate/Mobile Phase: 1 ml/min/35% H20/65% methanol

4. Temperature: 22"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Times:

Analyte Retention Time (Minutes)

RDX 7.8

311 11.8

PETN 13.9

C. NARDWAR3/GLASSWAIE

1. I-liter separatory funnel (Teflond' or glass) (8).

2. 500-ml K-D flask (8).

3. 15-ml K-D receiver (8).

4. 3-ball Snyder column (8).

5. 2-ball micro-Snyder column (8).

6. 10-ml graduated centrifuge tubes (8).

7. Disposable glass pipettes.

... 4
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1. D. CHEMICALS

1. Hanograde methylene chloride-J.T. Baker Company.

2. HPLC-grade acetonitrile-J.T. Baker Company.
1. 3. HPLC-grade water-J.T. Baker Company.

4. Anhydrous sodium sulfate-reagent grade.

5. HPLC-grade methanol.

4. STANDARDS

A. CALIBRATION STANDARDS
Separate calibration stock solutions are prepared for each

analyte. A composite working calibration standard is prepared

from these solutions.

1. The RDX stock calibration standard (6,310 ug/ml) is prepared

by weighing 63.1 mg of RDX in a lO-ml volumetric flask,
dissolving the RDX in a few ml of acetonitrile, and diluting

to the mark with acetonitrile. An intermediate RDX stock

calibration standard is prepared by pipetting 1 ml of the

RDX stock calibration standard into a lO0-ml volumetric

flask and diluting to the mark with methanol to give a

solution containing 63.1 ug/ml of VDX.

2. The HMX stock calibration standard (5,320 ug/ml) is prepared

by weighing 53.2 mg of HKX in a lO-ml volumetric flask,

dissolving the I=C in a few ml of acetonitrile (a drop of

acetone is added to aid in solubilisation), and diluting to

the mark with acetonitrile. An intermediate 1HZ stock

calibration standard is prepared by pipetting I ml of the

H stock calibration standard into a 50-ml volwnetric flask

and diluting to the mark with methanol to give a solution

containing 106.4 ug/ml of HMX.

3. The PETN stock calibration standard (3,950 ug/ul) is

prepared by weighing 39.5 mg of PETE in a 10-ml volumetric

flask, dissolving the PZTN in a few ml of acetonitrile (a

drop of acetone is added to aid in salubilization), and

5
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diluting to the mark with acetonitrile. An intermediate

PETN stock calibration standard is prepared by pipetting

I ml of the PETN stock calibration standard into a 50-ml

volumetric flask and diluting to the mark with methanol to

give a solution containing 79.0 ug/ml of PETE.

4. Prepare a series of composite working calibration standards

by making dilutions of the intermediate calibration

standards with 50% methanol/50Z water as follows:

Working Intermediate Volume
Calibration Standard of Standard Final
Standard Diluted Used (ml) Volume (al)

B RDX 5 50

PETN 5

C RDX 5 100
I=~ 1
PETE 5

D Standard 1 5 25

E Standard B 5 50

F Standard B 5 100

Working
Calibration Concentration (us/al)

Standard RDX HMI PETE

3 6.31 2.13 7.90

C 3.15 1.06 3.95

D 1.26 0.426 1.58

a 0,631 0.213 0.790

F 0.315 0.106 0.395

B. CONTROL SPIKlS

1. The working control spike solutions are prepared in the same

manner as the working calibration standards using the same

letter designations for the different solutions; therefore,

6
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the Working Control Spike Solution 3 hoo the same

concentration as the Working Calibration Standard B.

2. Pipette 2 a1 of the corresponding working control spike

solutions into 500 al of standard or natural water. The

solutions used are selected to provide a concentration range

of 0.5 to 10 times the desired detection limit.

3. Determine the precision, accuracy, and detection limits for

each analyte.

Working Analyte Concentration Spiked hnalyte
Control in the Working Control Concentration

Spike Used Spike Solution (us/al) in Water (us/L)

-- 0.0

B RDX 6.31 25.2
HEX 2.13 8.5
PETE 7.90 31.6

C RDX 3.15 12.6

Dxx 1.06 4.26

PETN 3.95 15.8

D IDX 1.26 5.04
HXX 0.426 1.70
PETE 1.58 6.32

E RDX 0.631 2.52
DIX 0.213 0.851
PETN 0.790 3.16

F RDX 0.315 1.26
MM 0.106 0.426
PETN 0.395 1.58

5. PROCEDURE

A. EXTRACTION

1. Measure 500 ml of the vater sample into a 1-L separatory

funnel.

2. Check the p% of the ample with p1 paper, and adjust the pH

to neutral, if necessary.

7
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3. Extract the sample sequentially with three 100-al portions

of methylene chloride. After each portion has been added,

shake the funnel vigorously for at least 5 minutes.

4. Let the layers separate for about 2 minutes after each

extraction.

5. Draw off the methylene chloride and pass through a glass

funnel filled with a small plug of glass wool and about

I inch of anhydrous sodium sulfate into a 500-al K-D flask

fitted with a 10-al K-D receiver.

6. After the third extract has been transferred to the K-D

flask, rinse the sodium sulfate in the funnel with

approximately 20 ml of methylene chloride.

7. Add a boiling chip (Hengar) to the methylene chloride II
extract in the flask and attach a 3-ball Snyder column to

the apparatus.

8. Concentrate the methylene chloride extract by placing the

1-D apparatus in an 80"C water bath. Immerse the receiver

of the [-D nearly up to the joint. U
9. The balls of the Snyder column should actively chatter when

the solvent is evaporating. 11
10. When the apparent volume of the solution remaining in the

receiver is about I ml, remove the apparatus from the water

bath and allow to cool. After about I ml of methylene

chloride has drained into the receiver, remove the receiver

from the 1-0 flask. 11
11. Add approximately 2 ml of HPLC methanol to the receiver.

Attach a 2-ball micro-Snyder column and reconcentrate. When Ii
the apparent volume in the receiver reaches 0.5 ml. remove

the receiver from the water bath.

12. Repeat Step 11 two times.

13. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-al graduated centrifuge tube rinsing

quantitatively with HPLC acetonitrile. Raise the extract
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L. volume to 1.0 ml in the centrifuge tube with HPLC methanol.

Dilute to 2 ml with HPLC water.

14. Transfer to a 5-ml amber, septum-sealed vial for storage at

4"C.

15. The extract is now ready for chromatography by HPLC.

B. CALIBRATION

1. Inject Working Calibration Standards G, F, E, D, C, and B

and a blank singly at the beginning of the analytical run.

Inject Working Calibration Standard D at the conclusion of

the analytical run to verify constant instrument response.

2. Plot the normalized integrator areas versus nanograms/micro-

liter of each standard to obtain a working curve.

C. ANALYSIS

1. Inject 250 ul of the extract onto the HPLC column.

2. Perform the analysis of the sample according to the

conditions given in Section 3(B).

3. Measure the response of the sample for the components of

interest.

6. CALCULATIONS

Determine the concentration of RDX according to the following formula:

(A)(V,)
Concentration (ug/L) - A Vs

where: A - Concentration (ug/ml) of analyte found in the sample

by comparison with the appropriate standard curve
(ug/mi),

Vt a Volume of total extract (al), and

Vs a Volume of initial sample extracted (L).

9
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7. REFERENCES

None found.

8. DATA

See attached data sheets.

t.
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chtromaogrm off Standard Water Spiking Experiment

Analyte Amount Siked Retention Time
RDX 12.6 ug/L 7.87 min

Mx 4.3 ug/.L 11.78 min
PETN 15.8 ug/L 13.91 min
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T t F GET Cy
C C ,!C E.T P AT 10. 2 3 4

0000t 0.0000 C00 .0000 .0000cc~

3.16 3.3,4 2.99 3.79 3.032

6.z32 5s60 5.50 6.2! i *2 4

31.6 28.4 29.4 27.8 2P.e4 I

TAFGET AVERAGE STAINCARD PERCENT PERCENT
CCrCENTkATICN FOUND VALUE DEVIATION IMPRECISION INACCURACY
--- -----------------------------------------------------------------

CG 0 L uL~0 000 0.0 00

5 04 0.0591 3.83 -2.5734

3 o2P G.372 11.

6.32 6.64 1.76 26.5 5.10

118 4.1 0.871 6.17 -10o7120

I -6 2F .5 0.663 2*. 3 i
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F'!x (UGCiL) STAhiOWAPD 6ATER.

T . G E T D A Y
CO;,'CENTRATION 2 3 4

0.0G0O 000000 .OOOO 0.0OCO 0.0000

,42A 0,4;6 0.492b 0.450 0.51Z

C.51 0.833 0.752 1.24 0.673

1.70 1,57 1.53 1.28 1.74

L~
4e2b 3-36 2*59 4,56 4o22

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
-- -------------------------------------------- ----------------------

Cic o 0.OCOO 0.0000 0.0000 0.000O

59426 0o453 0.0406 6.95 6.46

e,51 C,874 0.252 28.5 2.76

1.7C 1.53 0.190 12.4 -10.1C58

4.26 3978 0.731 1993 -11.1255

p.51" 6.23 0.247 6 -26.77S

- -------------------------------------------------------- ----------
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RCX~/L STANUARU'jAE

TAP GLT CAY
COCETFATICN 2 34

0.0000 0.0000 0.351 000800 0.UU7

1026 1*7Z 1.48 1.57 2002

2923.2G 2.(-l 2.62 2.86

5.04 5.66 4.97 5.43 5408 j
12s6 12s6 11.7 12.0 11.09

25.2 25.0 24.5 24.0 23.1 i

TAPGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION- FCUNO VALUE DEVIATION IMPRECISION INACCURACY L

000U02GO 0.188 93.9 0.0c00 L
1026 1.70 0.237 13.9 3497

2.52 2.82 0.277 5.81 12. .LI

5.cq 5.28 0.318 6.014.8

12.6 12.0 00393 3926 -4.4444

25.2 24.1 0.810 .0 W.6 -4.1667
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i.

L- PLTk (UG/L) NATUAL 6ATER

TARGET DAY
CONCENTF ATICN 1 2 4

%0C. O.o00C GOClO cOoc0 1.17

1.58 0.700 0.814 1.41 2.71

3.16 3.20 2.32 4.54 5.16

6-32 '575 5.99 5.33 8.65

15.8 15.7 14.7 14.9 15.6

31e6 26.6 28.0 30.6 28.1

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.292 0.58b 200 OOOCO

1.58 1.41 0.922 65.4 -10.85'4

3o16 3.80 1.28 3308 20.4

6.32 6.43 1.50 23.4 1.74

15.8 15.2 00499 3.28 -3.6392

31.6 28.3 1.66 5,87 -10.3639
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Hk'X (L;G/LU NATURAL tATER

TARGET DAY
COCEV;TRAT ION 2 3 4

0,900? CoOO0, 0.0000 3°00c0 0.O00

0.426 0.363 0.469 0.359 0.461

0.852 1.01 0.670 0.814 0.*50

le173 1169 1974 1010 2o17

4.

4.26 4 .29 2.85 3.12 3.01

ii 8 -52 89. 7.22 7.36 5.70

TARGET 4VERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
--------------------------------------------------- --------------.

O.G300 OoQCOO 0.0000 0.0000 0 0 3

0.426 Oo413 0.0602 14.6 -3.0517

0.652 0.836 0.140 16.8 -1.8193

1.70 1.67 0a440 26.3 -1.4706

4.26 3.32 0.658 19.8 -22.1244

A*.2 7.19 1.15 15.9 -1595810

---------------------------------------------------------------------------

21

,mLAelL



I.,.

0
04

22

.Wow



1.
fi.

POX (tC/L) ;ATL PAL oATEF

TARGET DAY
CON|CENTRATION; 1 2 3 4
---------------- ----------------------------- ----------- --------

0. .J'1. C. oc 1.10 0.0000 1.12

1.26 1.36 2.10 1.36 2.60

2.52 2.57 3.30 2.87 5.4G

5.04 4o74 5.40 5e03 6.20

12.6 12.3 11.7 12.0 12-5

25.2 20.9 24.0 26.5 23.7
--------------------------------------------------m-mm ---------------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

---------------------------------mm------- ---------------- ------

Cc.o C*555 0.641 115 C.cCCO

1,26 1.85 0.607 32.7 47e2

2.5- 3.53 1.28 36.2 40.3

5a 4 5.34 0.632 11.8 6 0U

12.6 12.1 0.342 2.62 -3o7302

25.2 23.8 2.25 9.64 -5o6546
------------------------------------- -------------------------
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PETN, I*1X, AND RDX IN SOIL SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

soil samples for PETN, HMX, and RDX.

A. TESTED CONCENTRATION RANGE

The tested concentration ranges in natural and standard soil are

listed below:

Analyte Range (ug/g)

PETN 0.8 to 16.0

HMX 0.79 to 15.8

RDX 0.96 to 19.2

B. SENSITIVITY

The normalized responses (integrator counts) at the natural soil

detection limits designated in Section l(C) are listed below:

Analyte Integrator Counts Nanograms

PETE 53,900 191

HZX 354,000 325

RDX 203,000 224

The normalized responses (integrator counts) at the standard

soil detection limits designated in Section I(C) are listed

below:

Analyte Integrator Counts Nanograus

PETN 54,600 188

HlX 286,000 261

RDX 128,000 147

1
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C. DETECTION LIMIT

The detection limits in natural soil, calculated according to

Hubaux and Vos (1970), are listed below:

Analyte Detection Limit (ug/x)

PETN 2.3

MX 4.1

RDX 2.7

The detection limits in standard soil, calculated according to

Hubaux and Vos (1970), are listed below:

Analyte Detection Limit (up/g)

PETN 2.4

inX 4.6

RDX 1.9

D. INTERFERENCES

This method may be subject to interferences from nonvolatile

organic compounds which absorb light at 215 nm and are extract-

able from soil with methylene chloride/acetone. Interferences

are minimized by silica-gel cleanup.

E. ANALYSIS RATE

After instrument calibration, one analyst can analyze

10 extracts in an 8-hour day. One analyst can perform

approximately eight extractions in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

CAS Registry
Analyte Alternate Nomenclature Number

PETN Pentaerythrite tetranitrate 78-11-5

Pentaerythritol tetranitrate

2, 2-Bis [ (nitrooxy)-methyl ]-

1,3-Propanediol dinitrate (ester)

2
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CAS Registry

Analyte Alternate Nomenclature Number

Nitropentaerythritol

Pentrit

HMX Cyclotetramethylenetetranitramine 2691-41-0

Octahydro-1,3,5, 7-tetrazocine

1,3,5, 7-Tetranitro-1,3, 5, 7-

t etrazacyc looctane

Oc togen

RDX Cyc lotrimethylenetrinitramine 121-84-4

Hexogen, T-4, Cyclonite, Hexahydro-

1,3, 4-trinitro-s-triazine

B. PRYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Melting Boiling Density

Analyte Formula Point ('C) Point (/al)

PETN C5H8012N4  141 180 at 1.77
50 torr

HMX C4 H8O8 N8  276 - 1. 77-1.96*

RDX C3 H6 O6 N6 204.1 - 1.816

* There are four polymorphic forms of HMX with this range of

densities.

Chemical Structures

PETN CH2 NO3

I03NH2C----C -- CH2 N03

CH2 NO3

3

L
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HiX NO2

CH2 - N /

02N /
N CH2

CH2  N
N02

N--- CH2

RDXN0

I
N

CH2  CH2

02N/ \H2 OH2

C. CHEMICAL REACTIONS [
All of these compounds are highly explosive, and caution should

be used in handling. Each compound is subject to alkaline

hydrolysis in aqueous solution.

3. APPARATUS

A. INSTRMDENTATION .1
Altex Model 322 dual-pmp liquid chromatograph equipped with a

Perkin-Elmer LC-75 variable-vavelength detector interfaced to a

Spectra Physics Model 4100 computing integrator.

. EPLC INSTRUMENTAL PARAMETERS

1. Detector: Perkin Elmer LC-75 variable-wavelength detector

( A = 215 um)

2. Column: Zorbax-CN (4.6-in ID x 25 cm)

Particle size: 7-8 um

4
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L.

3. Flow Rate/Mobile Phase: I ml/iin

35% H20/652 methanol

4. Temperature: 22"C

5. Tnjection Volume: 20 ul, fixed loop

6. Retention Times:

Analyte Retention Time (Minutes)

RDX 5.4

IHiX 6.7

PETN 7.7

C. HARINARE/GLASSWARE

1. 50-liter centrifuge tubes with Tef1on*-lined screw caps (8);

2. 500-ml K-D evaporative flasks (8);

. 3. 10-ml graduated K-D receivers (8);

4. 3-ball Snyder column (8);

5. 2-ball micro-Snyder column (8);

6. 15-ml graduated centrifuge tubes (8); and

7. 10-ml glass or polyethylene syringes with Luer-lock

attachments (10).

D. CHEMICALS

1. Nanograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. RPLC--grade water--J.T. Baker Company;

4. Anhydrous sodium sulfate-reagent grade;

5. Nanograde hexane;

6. Nanograde acetone; and

7. Silica-Gel Sep-Pakso--Waters Associates.

4. STANDARDS

A. CALIBRATION STANDARDS

Separate calibration stock solutions are prepared for each

analyte. A composite working calibration standard is prepared

from these solutions.

5
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1. The RDX stock calibration standard (1.92 mg/ml) is prepared

by weighing 47.9 mg of RDX into a 25-mi volumetric flask,

dissolving the RDX in a few ml of acetonitrile, and diluting

to the mark with acetonitrile.

2. The lMX stock calibration standard (7.91 mg/ml) is prepared

by weighing 79.1 mg of IRX in a 10-ml volumetric flask,

dissolving the HX in a few ml of acetonitrile (a drop of

acetone is added to aid in solubilization), and diluting to

the mark with acetonitrile. An intermediate HIX stock

calibration standard is prepared by pipetting 5 ml of the

HMX stock calibration standard into a 50-ml volumetric flask

and diluting to the mark with acetonitrile to give a

solution containing 791 ug/ml of M(X.

3. The PETN stock calibration standard (8.0 mg/ml) is prepared

by placing the entire SARN solution (200 mg PETN) in a 25-ml

volumetric flask and diluting to the mark with acetonitrile.

An intermediate PETN stock calibration standard is prepared

by pipetting 5 ml of the PETN stock calibration standard

into a 50-ml volumetric flask and diluting to the mark with

acetonitrile to give a solution containing 800 ug/ml of

PETN.

4. Prepare a series of composite working calibration standards

by making dilutions of the intermediate calibration

standards for PETN and DMX and the stock calibration

standard for RDX. Dilute with 50% methanol/50Z water as

follows:

6
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A.

Volume
Working Calibration Standard of Standard Final

Standard Diluted Used (ml) Volume (ml)

B RDX (stock) 1 25
"MX 2
PETN 2

C RDX (stock) 1 50
HiX 2
PETN 2

D Standard B 5 25

E Standard B 5 50

F Standard B 5 100

Working Calibration Concentration (ug/ml)

Standard RDX HMX PETN

B 76.8 63.3 64

C 38.4 31.6 32

D 15.3 12.7 12.8

E 7.7 6.3 6.4

F 3.8 3.2 3.2

B. CONTROL SPIKES

1. Prepare Control Spike Solution A for RDX by diluting 5 ml of

the calibration standard stock (concentration 1.92 mg/ml) to

50 ml with acetone.

2. Prepare Control Spike Solution B for RDX by diluting 5 al of

the stock control spike solution to 50 ml with acetone.

3. Prepare Control Spike Solution C for H14X and PETN by com-

bining 1 =l each of the calibration standard stock for IX

and the calibration standard stock for PETN in a 25-al

volumetric flask and diluting to volume with acetone.

4. Prepare Control Spike Solution D for HKX and PETN by

diluting 5 al of Control Spike Solution C to 50 al with

acetone.

7
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Control Concentration

Spike Solution (u/ml)

A (RDX) 192

S (RDX) 19.2

C (HMX, PETN) 316, 320

D (MX, PETN) 31.6, 32

Control Dilution Final ti

Spike Solution Standard Diluted (ml) Volume (ml)

A (RDX) Stock Calibration 5 50 U
B (RDX) Control Spike A 5 50

C (HMX, PETN) Stock Calibration 1, 1 25

D (HNX, PETN) Control Spike C 5 50

5. Allow the soil sample to air dry on the dull side of

aluminum foil until it can be sieved through a 30-mesh

sieve. (Sediment samples are extracted wet.)

6. Weigh 20 g of sieved soil or wet sediment into a 50-ml

centrifuge tube with a Teflon@-lined screw cap.

7. Pipette a known amount of the control spike solutions for

RDX, lIX, and PETN onto the 20-g soil sample. The quantity

spiked should be selected to provide a concentration of 0.5

to 10.0 times the detection limit.

Concentration of Spiked

RDX Control Spike Volume Soil (ug/g)
Spike Solution (ml) RDX

B 1.0 0.96

B 2.0 1.9

B 4.0 3.8

A 1.0 9.6

A 2.0 19
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HMX/PETN Concentration of Spiked
Control Spike Spike Volume Soil (ug/g)

Solution (ml) 1__ PETN

D 0.5 0.79 0.80

D 1.0 1.6 1.6

D 2.0 3.2 3.2

C 0.5 7.9 8.0

C 1.0 16 16

8. Allow the soil to air dry for at least 1 hour. Shake the

soil to ensure mixing of the spiking solution throughout the

sample.

5. PROCEDURE

A. SAMPLE PREPARATION

1. Let all soil samples air dry on the dull side of aluminum

foil until they are suitably dry so they can be sieved

through a 30-mesh sieve.

2. Sample the sieved soil by quartering and weighing 20 g into

a 50-ml centrifuge tube.

B. EXTRACTION

1. Add 35 ml of 20% acetone in methylene chloride to the

centrifuge tube.

2. Cap the tube and shake for 3 to 5 minutes.

3. Extract the sample sequentially with three 35-ml portions of

the methylene chloride/acetone mixture.

4. Decant off the methylene chloride/acetone mixture each time

and pass through a glass funnel filled with a small plug of

glass wool and approximately 1 inch of anhydrous sodium

sulfate into a 500-ml K-D flask fitted with a 10-al K-D

receiver.

5. After the third extract has been transferred to the K-D

flask, rinse the sodium sulfate in the funnel with

approximately 20 ml of methylene chloride.

9
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6. Add a boiling chip (Teflon*) to the methylene chloride

extract in the flask, and attach a 3-ball Snyder column to

the apparatus.

7. Concentrate the methylene chloride extract by placing the

K-D apparatus in an 80"C water bath. Immerse the receiver

of the K-D nearly up to the joint.

8. The balls of the Snyder column should actively chatter when

the solvent is evaporating.

9. When the apparent volume of the solution remaining in the

receiver is about I ml, remove the apparatus from the water

bath and allow to cool. After about 1 ml of solvent has

drained back into the receiver, remove the receiver from the

K-D flask.

10. Add approximately 2 ml of nanograde hexane to the receiver.

Attach a 2-ball micro-Snyder column and reconcentrate. When

the apparent volume in the receiver reaches 0.5 ml, remove

the receiver from the water bath.

11. Repeat Step 10 twice.

12. Detach the micro-Snyder column from the receiver. With a

dispo pipette, transfer the extract into a 10-ml glass

syringe fitted with a silica-gel Sep-Pak@. Rinse the

receiver three times with 2 ml of 20% methylene chloride in

hexane solution, transferring each rinse to the 10-ml

syringe. Set aside the receiver for later use.

13. Pass the combined rinses through the silica-gel Sep-Pak@ at

a rate of approximately 1 to 2 mI/min, discarding the

eluate.

14. Quantitatively rinse the K-D receiver from Step 12 three

times with a total of I to 2 ml of 50% methanol in methylene

chloride solution, transferring each rinse to the 10-al

syringe fitted with the silica-gel Sep-Pak*. Add 50%

methanol in methylene chloride to the syringe to sake a

total volume of 10 ml.

10
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15. Elute the silica-gel Sep-Pak*, with the 10-ml total volume

of 50% methanol in methylene chloride, into another 10-ml

K-D receiver at a rate of 1 to 2 ml/min.

16. Add a Teflon@ boiling chip to eluate, attach a 2-ball

micro-Snyder column, and concentrate the sample on a water

bath heated to 80"C. When the apparent volume of the

solution is about 0.5 ml, remove the apparatus from the

water bath.

17. Detach the micro-Snyder, and add approximately 2 ml of HPLC

methanol to the receiver. Reconcentrate the sample to

0.5 ml.

18. Repeat Step 17 twice.

19. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-ml graduated centrifuge tube rinsing

quantitatively with HPLC methanol. Raise the extract volume

to exactly 2.5 ml in the centrifuge tube with HPLC methanol.

Dilute to 5 ml with HPLC water.

20. Transfer to a 5-ml amber, septum-sealed vial for storage at

4C.

21. The extract is now ready for chromatography by HPLC.

C. ANALYSIS

1. Inject 20 ul of the extract onto the HPLC column.

2. Perform the analysis of the sample using the conditions

given in Section 3(B).

3. Measure the response of the component of interest.

6. CALCULATIONS

A. Prepare a standard curve of concentration (ug/ml) of standard

versus peak area counts.

11
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B. Determine the concentration of RDX, HMX, and PETN according to

the following formula:

(A)(v )
Concentration (ug/g) W

where: A - Concentration (ug/ml) of analyte found in the

sample by comparison with the appropriate standard

curve,

Vt - Volume of total extract (ml), and

Ws a Weight of initial sample extracted (g).

7. REFERENCES

None found.

8. DATA

See attached data sheets.

12



PE'TN,NATURAL SOIL(MG/KG)

TARGET DAY
CONCENTRATION 12 34

0.0000 0.0000 0.290 0.0000 0.0000

0.800 0.840 2.00 0.900 0.860

1.60 1.30 1.60 2.00 1.50

3.20 3.30 2.90 3.50 3.30

8.00 8.00 6.70 7o.0 7.40

16.0 17.0 14.0 15.0 160

TARGET AVEPAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.0725 09145 200 000000

0.800 1.15 0.567 49.3 43o7

1.60 1.60 09294 18.4 090000

3e20 3.25 0,252 7.74 1.56

6s.00 7.27 0.562 7.73 -9o0625

16.0 15.5 1.29 8.33 -3.1250
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HMXNATURAL SOIL(FG/KG)

TARGET DAY
CONCENTR AT ION 1 2 3 4

0.0000 0.0000 0.0000 0.0000 0.0000

0.790 0.570 0.460 09480 09620

1.60 1.50 0s860 1.10 0.980

3920 2940 2.50 2.20 2.70

7.90 6.30 5.90 5.80 6000

16.0 12.0 8.20 9.60 12.0

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.0000 0.0000 000000 0.00000

0*79C 0.532 0o0754 14.2 -32o5949

1.60 1o11 0.278 25.0 -30.6250

3.20 2.45 0.208 8.50 -23.4375

7.50 6.00 09216 3960' -2490506

16.0 10.4 1.88 18.0 -34.6875
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ROXNATURAL SOIL(MG/KG)

*TARGET DAY
CONCENTRATION 12 3

0.0000 0.310 060000C 0.210 0.180

09960 1.20 1.80 0.950 1.10

1.90 2.30 1.80 2.10 2o00

*-3.80 3.80 3.60 49D0 4030

9.60 10.00 8.00 8.70 9.10

19.0 19.0 17.0 19.0 21.0

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.175 0*129 73.8 0.0000

0.960 1.26 0.373 29.5 3195

1.90 2.00 09208 10.2 7.89

3.80 3.92 0*299 7.61 3.29

9.60 8.95 0.835 9.33 -6.7708

19.0 19.0 1.63 8.59 -000000

- 17
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PETNSTANDARD SOIL(MG/KG)

TARGET DAY
CONCENTRATION 1 2 3 4

0.0000 0.180 0.0300 0.0000 060000

obo1.20 09780 1.10 1.60

1.60 1.10 1.60 1.60 1.40

3.20 2.70 1.20 2.50 2.90

8.00 r..s6 6.10 7.10 6.60

16.0 14.0 13.0 13.0 15.0

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION 1PORECISION INACCURACY

------------------ ------------------------------------ ------ --------------

0.00900 0.0525 0.0862 164 0.00000

G.poo 1.17 0.338 28*9 46e2

1.60 1.42 0.236 16.6 -1099375

3.20 2*32 0.768 33.0 -27*3438

8.00 6.57 0.411 6.26 -17o8125

16.0 13.8 0.957 6.96 -14.0625

--------------------- ------- ------ ------------ -------- ------------------

19
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HMXSTANDARD SOIL(MG/KG)

TARGET DAY
CONCENTRATION 1 2 3 4

------------------------------------------- --------------------

L..

000000 0.480 04140 060000 0.160

0.790 0.950 1.90 1.10 1.20

1.60 1.5 1 *5 150 1.50

3.20 2.70 2.50 2.60 3.10

7.90 8.10 6940 5.00 6.60

16.0 13.0 10.00 10.00 14.0

----------------------------------------------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.195 0.203 104 0.0000

0.700 1.29 0.421 32.7 63.0

1.60 1.50 0.0000 0.0000 -6.2500

3.20 2e72 0*263 9.65 -14.8438

7.90 6e52 1.27 194 -17.4051

16.0 11.8 2.06 17.5 -26.5625

21
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ROX9STANDARD SOIL

TARGET DAY
CONCENTRATION 1 2 3 4

060000 0.420 0.0800 0.150 0.240

0.960 1.50 0.890 1.33 1,60

1.90 2.70 1.90 2.10 2.30

3.80 3.,80 3.60 4.10 3o20

9.60 8630 9.10 9.10 8.70

19.0 18.0 17.0 19.0 19.0

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 C0.222 0.147 66.1 0.0000

0.960 1.33 0.314 23.6 38.5

1.92 2.25 0.342 15.2 18.4

3.80 3.67 0.377 10.3 m362895

9.60 8.60 00383 4.35 -8.3333

19.0 18.3 0.957 5.25 -3o9474

23
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H14X IN WATER SAMPLES

I. APPLICATION

This method is applicable to the quantitative determination of

fMX in environmental water samples.

A. TESTED CONCENTRATION RANGE

The tested concentration range in standard and natural water is

0.63 to 12.7 ug/L.

B. SENSITIVITY

The normalized response (integrator counts corrected for

attenuation) at the natural water detection limit is 55,000 area

counts corresponding to a quantity of 61.3 ng, and 165,000 area

counts for 185 ng at the standard water detection limit.

C. DETECTION LIMIT

The detection limits in standard and natural water samples

calculated by the Hubaux and Vos procedure are 3.0 ug/L and

0.98 ug/L, respectively.

D. INTERFERENCES

No interferences were encountered in samples of natural water.

However, this method may be subject to interferences from

neutral, methylene chloride-extractable species which absorb

light at 230 nm.

E. ANALYSIS RATE

After instrument calibration, one analyst can analyze six

extracts in an 8-hour day. One analyst can perform

approximately six extractions in an 8-hour day.
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2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

CAS Registry

Analyte Alternate Nomenclature Number

HMX Cyclotetramethylenetetranitramine 2691-41-0

Octahydro-1,3,5,7-tetrazocine

1,3,5,7-Tetranitro-1,3,5,7-

tetrazacyc looctane

Oc togen

B. PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Melting Boiling Density
Analyte Formula Point (C) Point (g/ml)

4M C4H8 8 N8 276 1.77-1.96*

* There are four polymorphic forms of HMX with this range of

densities.

Chemical Structure

CH2  N

CH2I
CH2 N

N- -CH 2
NO2

C. CHEMICAL REACTIONS

HNI is highly explosive, and caution should be used in handling.

HMX is subject to alkaline hydrolysis in aqueous solution.

2
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3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 dual-pump liquid chromatograph equipped with a

Perkin-Elmer LC-75 variable-wavelength detector interfaced to a

Spectra Physics Model 4100 computing integrator.

B. EPLO INSTRUMENTAL PARAMETERS

1. Detector: Perkin-Elmer LC-75 variable-wavelength detector

C k - 230 no)

2. Column: Ultrasphere-CN (4.6m ID x 25 cm)

Particle size: 5 um

3. Flow Rate/Mobile Phase: 1 ml/min

352 water/65% methanol

4. Temperature: 22"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 6.9 minutes

C. HARDWARE/GLASSWARE

1. 1-liter sep avuly u,:.ls (Teflons or glass) (8).

2. 500-ml K-D f±Lic? k 8),

3. 15-ml K-D receivers (8).

4. 3-ball Snyder columns (8).

5. 2-ball micro-Snyder columns (8).

6. 10-ml graduated centrifuge tubes (8).

7. Disposable glass pipette.

D. CHEMICALS

1. Nanograde methylene chloride--J.T. Baker Company.

2. HPLC-grade acetonitrile--J.T. Baker Company.

3. HPLC-grade water-J.T. Baker Company.

4. Anhydrous sodium sulfate--reagent grade.

5. HPLC-grade methanol.

3
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4. STANDARDS

A. CALIBRATION STANDARDS

1. The HHX stock calibration standard (7.9 mg/ml) is prepared

by weighing 79.1 mg of HMX in a 10-mi volumetric flask,

dissolving the HMX in a few milliliters of acetonitrile (a

drop of acetone is added to aid in solubilization), and

diluting to the mark with acetonitrile.

2. An intermediate stock calibration standard is prepared by V.

pipetting I ml of the HMX stock calibration standard into a

25-ml volumetric flask and diluting to the mark with i.

methanol to give a solution containing 316.4 ug/ml of HMX.

3. Prepare the working calibration standards by making i

dilutions of the intermediate stock calibration standard and

Working Calibration Standard A with 50% methanol/50% water j
as follows:

Working Volume
Calibration of Standard Final

Standard Standard Diluted Used (ml) Volume (ml)

A Intermediate Stock 1 100

B Intermediate Stock 0.5 100

C Working Standard A 5 25

D Working Standard A 5 50

E Working Standard A 5 100

Working Calibration
Standard Concentration (ug/ml)

A 3.16

B 1.58

C 0.63

D 0.32

E 0.16

B. CONTROL SPIKES

1. Prepare the stock control spiking solution (316.4 ug/ml) by

diluting I ml of the stock calibration standard

4
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(concentration: 7.9 mg/ml) to volume with acetonitrile in a

25-ml volumetric flask.

2. Prepare the working control spike solutions as follows:

Final
Working Control Volume Volume
Spike Solution Solution Used (ml) (Wl)

A Stock control 1 50
spike standard

B Working Control 5 50
Spike Standard A

3. Pipet a known amount of the working control spike solutions

into standard water. The quantity spiked should be selected

to provide a concentration of 0.5 to 10 times the detection

limit.

4. Determine the accuracy and detection limit for the analyte

in standard water by pipetting the working control spike

solutions into 500 ml of standard water and analyzing

according to the procedure outlined in Section 5.

Working Control Volume Concentration
Spike Solution Spiked (ml) (ug/L)

- -- 0

B 0.5 0.63

B 1.0 1.27

B 2.0 2.53

A 0.5 6.33

A 1.0 12.7

5. PROCIDURE

A. EXTRACTION

1. Measure 500 ml of the water sample into a 1-L separatory

funnel.

2. Check the pH of the sample with p paper, and adjust the pH

to neutral, if necessary.

a5

I
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3. Extract the sample sequentially with three 10)-ml portions

of methylene chloride. After each portion has been added,

shake the funnel vigorously for at least 5 minutes.

4. Let the layers separate for about 2 minutes after each

extraction.

5. Draw off the methylene chloride and pass through a glass

funnel containing a small plug of glass wool and about

1 inch of anhydrous sodium sulfate into a 500-mI K-D flask

fitted with a 10-al K-D receiver.

6. After the third extract has been transferred to the K-D

flask, rinse the sodium sulfate in the funnel with d
approximately 20 ml of methylene chloride.

7. Add a boiling chip (Hengar) to the methylene chlorideTi

extract in the flask, and attach a 3-ball Snyder column to

the apparatus.

8. Concentrate the methylene chloride extract by placing the

K-D apparatus in an 80"C water bath. Immerse the receiver

of the K-D nearly up to the joint.

9. The balls of the Snyder column should chatter actively when

the solvent is evaporating.

10. When the apparent volume of the solution remaining in the

receiver is approximately I ml, remove the apparatus from

the water bath and allow to cool. After about I ml of

methylene chloride has drained into the receiver, remove the

receiver from the K-D flask.

11. Add approximately 2 ml of aPLC-grade methanol to the

receiver. Attach a 2-ball micro-Snyder column and

reconcentrate. When the apparent volume in the receiver

reaches 0.5 ml, remove the receiver from the water bath.

12. Repeat Step 11 two times.

13. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-ml graduated centrifuge tube, rinsing

quantitatively with HPLC-grade acetonitrile. Raise the

extract volume to 1.0 ml in the centrifuge tube with HPLC-

grade methanol. Dilute to 2 ml with HPLC-grade water.

6
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14. Transfer to a 5-ml amber, septum-sealed vial for storage at

4°C.

15. The extract is now ready for HPLC analysis.

B. CALIBRATION

1. Inject Working Calibration Standards 9, D, C, B, and A and a

blank singly at the beginning of the analytical run. Inject

Working Calibration Standard C at the conclusion of the

analytical run to verify constant instrument response.

2. Plot the normalized integrator areas versus nanograms

injected of each standard to obtain a working curve.

C. ANALYSIS

1. Inject 250 ul of the extract onto the HPLC column.

2. Perform the analysis of the sample according to the

conditions given in Section 3(B).

3. Measure the response of the sample for the HNX peak.

6. CALCUIATIONS

A. Prepare a standard curve of concentration (ug/ml) of standard

versus peak area counts.

B. Determine the concentration of HlX according to the following

formula:

Concentration (ug/L) - (A)(Vt)Va

where: A - Concentration (ug/ml) of analyte found in the

sample by comparison with the appropriate standard

curve,

Vt a Volume of total extract (ml), and

Vs - Volume of initial sample extracted (L).

7. RZF RSNCIS

Mon* found.

8. DATA

See attached data sheets.

7
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HhXSTANARD H2C(UG/L)

TAPGET GAY
CONCEfTATICN 1 2 3

.o .I0co 0.00 0 0.0000 0.142

(.633 v.517 0.343 0.607 0.512

1.27 (.917 1.02 O.962 1.28

2.53 1.71 2.07 1.98 2.60 L
6.33 4.16 4.63 5.23 6.48 j
12.7 9.60 -9.97 .10.3 13.0

Ii
--------- --- m------- ------ --------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCEr.TRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

C . 1-c ol..71 119 O.0000 [1
.4 5 0.110 22.3 -21.6404

1.7 1.04 0.162 15.5 -17.7362

2.5! 2.0 9 .373 17.8 -17.3913 1
6.Z3 5.12 1.00 19.6 -19.0363

12,7 10.7 1.55 14.4 -15.6102

I.-.I

..... -----
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,-J

HMXtNATURAL 2CCUG/L)

TARGET DAY
CCNCENTRATION 2 3 4

0.000 0.0000 0,0000 0.0000 0,0000

r6Z 34 40 00,10 0.360 0.350

1.27 0.870 0.750 0.850 0.890

2.5Z 1.77 1985 1.74 1.69 L

6.*3 3 4.53 4.75 4995 4.74

12.7 10.4 10.4 10.5 9.56

TARGLT AVERAGE STANCARD PERCENT PERCENT II
CONCENTRATICk FOUNC VALUE DEVIATION IMPRECISION INACCURACY B

0.3000.00060 0.00000

.0630 !.34C 0.C216 6.35 -46.C316

1C7 '-.A40 5,C622 7.40 -33,E583

29F3 1.76 0*0670 I.80 -30,336C

6. 3 .1*4 3.89 -25.1975

12.7 1.2 0.439 4.30 -1,.5669 H

10
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HNX IN SOIL SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

soil samples for HMX.

A. TESTED CONCENTRATION RANGE
I" The tested concentration range in natural and standard soil is

0.79 to 15.8 ug/g.

B. SENSITIVITY

The normalized response (integrator count) at the natural soil

detection limit, designated in Section 1(C), is listed below:

Integrator Counts Nanograms

339,000 389

The normalized response (integrator count) at the standard soil

detection limit, designated in Section 1(C), is listed below:

Integrator Counts Nanograms

327,000 375

C. DETECTION LIMIT

The detection limit in natural soil, calculated according to

Hubaux and Vos (1970), is 4.9 ug/g.

The detection limit in standard soil, calculated according to

Hubaux and Vos (1970), is 4.7 ug/g.

• i !
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D. INTERFERENCES

This method may be subject to interferences from nonvolatile

organic compounds which absorb UV light at 230 nm and are

extractable from soil with methylene chloride/acetone.

Interferences are minimized by silica-gel cleanup.

E. ANALYSIS RATE

After instrument calibration, one analyst can analyze[

10 extracts in an 8-hour day. One analyst can perform

approximately eight extractions in an 8-hour day.L

2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAB) 1
REGISTRY NUMBER

CAS RegistryI1
Analyte Alternate Nomenclature Number

liNK Cyclotetramethylenetetranitramine 2691-41-0 [
Octahydro-l 3,5 ,7-tetrazocine

1 ,3,5,7-Tetranitro-1,3,5,7- I
t etrazacyclooctane

Octogen

B. PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Melting Boiling Density
Analyte Formula Point (*C) Point (OC) (g/nl)

HNK C4H8O8N8 276 1 .77-1.96*

*There are four polymorphic forms of HNK with this range of

densities.

2
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Chemical Structure

oo 02

ICH2 N

L2 N

N02'

C. CHEMICAL REACTION

HNI is highly explosive, and caution should be used in its

handling. MC1 is subject to alkaline hydrolysis in aqueous

* i. solution.

3. APPARATUS

A. INSTRUMENATION

Altex Model 322 dual-pump liquid chromatograph equipped with a

Perkin-Elmer LC-75 variable-w-avelength detector interfaced to a

Spectra Physics Model 4100 computing integrator.

B. * PLC INSTRUMENTAL PARAMETERS

1. Detector: Perkin-Elmer LC-75 variable-wavelength detector

( -230 urn)

2. Column: Zorbax-ON (4.6-me ID x 25 ca)

Particle size: 7-8 urn

3. Flow Rate/Mobile Phase: 1 Wa/in

35Z H20/652 methanol

4. Temperature: 220C

5. Injection Volume: 20-ul, fixed loop

6. Retention Tim: 6.7 minutes

3
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C. HARDWAR/GLASSWAR I
1. 50-ml centrifuge tubes with Teflon*-lined screw caps (8);

2. 500-ml K-D evaporative flasks (8);

3. 10-ml graduated K-D receivers (8);

4. 3-ball Snyder columns (8);

5. 2-ball micro-Snyder columns (8);

6. 15-ml graduated centrifuge tubes (8); and

7. 10-ml glass or polyethylene syringes with Luer-lock

attachments (10).

D. CHEMICALS

1. Nanograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. HPLC-grade water--J.T. Baker Company;

4. Anhydrous sodium sulfate--reagent grade;

5. Nanograde hexane;

6. Nanograde acetone; and

7. Silica-Gel Sep-PaksO--Waters Associates.

4. STANDARDS

A. CALIBRATION STANDARDS

1. The HMX stock calibration standard (7.91 mg/ml) is prepared

by weighing 79.1 mg of 1911 into a 10-m1 volumetric flask,

dissolving the 11M in a few =l of acetonitrile (a drop of

acetone is added to aid in solubilization), and diluting to

the mark with acetonitrile.

2. An intermediate 1M9 stock calibration standard is preelued

by pipetting 5 ml of the 101 stock calibration standard into

a 50-ml volumetric flask and diluting to the mark with

acetonitrile to give a solution containing 791 ug/ml of

3. Prepare a series of working calibration standards by making

dilutions of the intermediate calibration standards for 311.

Dilute with 502 methanol/50 water as follows:

4
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V Volume

Working Calibration Standard of Standard Final
Standard Diluted Used (ml) Volume (ml)

B H3X (intermediate) 2 25

C HX (intermediate) 2 50

D Standard B 5 25

D Standard B 5 50
L F Standard B 5 100

V Working Calibration Concentration
St andard (uS/2l)

B 63.3

C 31.6

D 12.7

I 1 6.3

F 3.2

B. CONTROL SPIKES

1. Prepare Control Spike Solution A for EMI by pipetting 1 ml

of the calibration standard stock for 1M into a 25-ml

volumetric flask and diluting to volume with acetone.

2. Prepare Control Spike Solution B for HMX by diluting 5 ml of

Control Spike Solution A to 50 ml with acetone.

Control Concent rat ion

Spike Solution (uR/al)

A (UMi) 316

B (H34) 31.6

3. Allow the soil sample to air dry on the dull side of

aluminum foil until it can be sieved through a 30-sesh

sieve. (Sediment samples are extracted met.)

fS

l' ______________________



I I I

AND.3/4R-10.6

7/22/82

4. Weigh 20 g of sieved soil or wet sediment into a 50-ml

centrifuge tube with a Teflon*-lined screw cap.

5. Pipette a known amount of the control spike solution for HMX

onto the 20-g soil sample. The quantity spiked should be

selected to provide a concentration of 0.5 to 10.0 times the

detection limit.

HMX
Control Spike Spike Volume Concentration of Spiked

Solution (ml) Soil (ug/g)

B 0.5 0.79

B 1.0 1.6

B 2.0 3.2

A 0.5 7.9

A 1.0 16

6. Allow the soil to air dry for at least 1 hour. Shake the

soil to ensure mixing of the spiking solution throughout the

sample.

5. PROCEDURE

A. SAMPIE PREPARATION

1. Let all soil samples air dry on the dull side of aluminum

foil until they are suitably dry so they can be sieved

through a 30-mesh sieve.

2. Sample the sieved soil by quartering and weighing 20 g into

a 50-ml centrifuge tube.

B. EXTRACTION [

1. Add 35 ml of 20% acetone in methylene chloride to the

centrifuge tube.
2. Cap the tube and shake for 3 to 5 minutes.

3. Extract the sample sequentially with three 35-ul portions of

the methylene chloride/acetone mixture.

6



I:

I. AMD.3/NR-10. 7
7/22/82

1- 4. Decant off the methylene chloride/acetone mixture each time,

and pass through a glass funnel filled with a small plug of

glass wool and approximately I inch of anhydrous sodium

sulfate into a 500-ml K-D flask fitted with a 10-mi K-D

receiver.

5. After the third extract has been transferred to the K-D

flask, rinse the sodium sulfate in the funnel with approxi-

mately 20 ml of methylene chloride.

6. Add a boiling chip (TeflonS) to the methylene chloride

extract in the flask, and attach a 3-ball Snyder column to

the apparatus.

7. Concentrate the methylene chloride extract by placing the

K-D apparatus in an 80"C water bath. Immerse the receive

of the K-D nearly up to the joint.

8. The balls of the Snyder column should actively chatter when

the solvent is evaporating.

9. When the apparent volume of the solution remaining in the

receiver is about 1 ml, remove the apparatus from the water

bath and allow to cool. After approximately I ml of solvent

has drained back into the receiver, remove the receiver from

the K-D flask.

10. Add approximately 2 ml of nanograde hexane to the receiver.

Attach a 2-ball micro-Snyder column and reconcentrate. When

the apparent volume in the receiver reaches 0.5 ml, remove

the receiver from the water bath.

11. Repeat Step 10 twice.

12. Detach the micro-Snyder column from the receiver. With a

dispo pipette, transfer the extract into a 10-i glass

syringe fitted with a silica-Sel Sep-Pak0. Rinse the

receiver three times with 2 al of 202 methylene chloride in

hexane solution, transferring each rinse to the 10-ml

syringe. Set aside the receiver for later use.

7
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13. Pass the combined rinses through the silica-gel Sep-Pak@ at

a rate of approximately I to 2 ml/min, discarding the

eluate.

14. Quantitatively rinse the K-D receiver from Step 12 three

times with a total of I to 2 ml of 50% methanol in methylene

chloride solution, transferring each rinse to the 10-ml

syringe fitted with the silica-gel Sep-Paks. Add 50%

methanol in methylene chloride to the syringe to make a

total volume of 10 ml. L.

15. Elute the silica-gel Sep-Pak@, with the 10-ml total volume

of 50% methanol in methylene chloride, into another 10-ml j
K-D receiver at a rate of I to 2 ml/min.

16. Add a Teflon* boiling chip to eluate, attach a 2-ball

micro-Snyder column, and concentrate the sample in a water

bath heated to 80"C. When the apparent volume of the

solution is about 0.5 ml, remove the apparatus from the i
water bath.

17. Detach the micro-Synder, and add approximately 2 ml of HPLC

methanol to the receiver. Reconcentrate the sample to

0.5 ml.

18. Repeat Step 17 twice.

19. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-ml graduated centrifuge tube rinsing

quantitatively with RPLC methanol. Raise the extract volume

to exactly 2.5 ml in the centrifuge tube with RPLC methanol.

Dilute to 5 ml with EPLC water.

20. Transfer to a 5-ml amber, septum-sealed vial for storage at

4"C.

21. The extract is now ready for chromatography by HPLC.

C. ANALYSIS

1. Inject 20 ul of the extract onto the RPLC column.

2. Perform the analysis of the sample using the conditions

given in Section 3(B).

3. Measure the response of the component of interest.
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6. CALCULATIONS

A. Prepare a standard curve of concentration (ug/mi) of standard-

versus-peak area counts.

B. Determine the concentration of HMX according to the following

formula:

(A)(Vt)

Concentration (ug/g) s

where: A - Concentration (ug/ml) of analyte found in the

sample by comparison with the appropriate standard

curve,

Vt - Volume of total extract (ml), and

Ws a Weight of initial sample extracted (g).

7. REFERENCES

None found.

8. DATA

See attached data sheets.

I-9
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HIXSTANDARD SOIL(UG/G)

TARGET DAY
CONCENTRATION 1 2 13

------------------------------------------------------------------------

0.0000 0.0530 000000 0.0000 0.0000

0.790 0.620 0.660 0.680 0.850

1.58 1.37 1.41 1.64 1.003

3.16 3.30 3.06 3.22 2.32

7.91 6.16 6.03 4.90 6.91 j
15.8 13.1 13.5 8.32 10.9

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY---- --- ---- --- --- ---- --- --- ---- --- ---- --- --- ---- --- ---

0.000.0132 0.0265 200 000000

Ce790 09702 0.101 14.4 -11.0760

1.58 1.36 0.252 18.5 -13.7656

3016 2997 0.448 15.1 -5*8544 .
7.91 6.00 00830 13.8 -24.1467

15.8 11.5 2.39 2099 -2794209
------------------------ ------ ------------- -------------
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HMXNATURAL SOIL(UG/G)

TARGET DAY
CONCENTRATION 1 2 3 4
--------------------------------------------------------------------

0.0003 0.0000 0.0000 0.0000 0.0000

09790 09420 0.420 0.560 0.600

1.58 1.07 1.o23 1.12 16Z

3.16 2.32 2.21. 2.29 2.32

7.91 5.39 5.67 6939 7.07

15.8 13.4 8.11 13.0 13.6

------ --------------------------- -------------------------------

----------------------- ----------------------- ---------------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

------------------ ------- ----- --------- -------------------

000000000 0 .0000 0.0000 0.0000 OOO

0.790 0.500 0.0938 18.8 -3697C89

1.58 1926 0.249 19.8 -20s2532

3.16 2.28 0.0520 2.27 -27,6899

7.91 6.,13 0.755 12.3 -22s5032

15.8 12.0 2.62 21.8 m2398766
------------------------ ------------------ -------------
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DPA IN SOIL AND SEDIMENT SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of
DPA in environmental soil and sediment samples.

This method vas developed and tested in two soil matrices: a red1.. clay, obtained from the Alabama Army Ammunition Plant and a topsoil
from North Central Florida. These two soils are subsequentlyf referred to as the standard soil and the natural soil, respectively.

V A. TESTED CONCENTRATION RANGE

The tested concentration ranges are:

* Matrix Tested Concentration Range (ug/g)
Standard Soil 1.3 to 26

Natural Soil 1.5 to 30

B. SENSITIVITY

- The normalized response (integrator counts z attenuation at the

documented detection limits designated in Part C below are:

quantity
Matrix Integrator Counts (,iicoarams)

*Standard Soil 1,221 1,500

Natural Soil 1,627 1,600

C. DETECTIONI LIMITS

The detection limits,* calculated according to flobaux ad Voe

(1970), are:
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Matrix Concentration (us/g)

Standard Soil 1.5

Natural Soil 1.6

D. INTERFERENCES

This method contains no cleanup step and thus may be subject to

interferences from nitrogen- or phosphorus-containing compounds

which co-elute with the chromatographic peak for DPA. The

detection method used for this work is, however, very selective

for nitrogen (and phosphorus), with a selectivity ratio of

1,000:1 for nitrogen versus carbon. This method has been tested

on a variety of soil matrices with no apparent interferences. jj

E. ANALYSIS RATE

After instrument calibration, one analyst can analyze 8 extracts Li
in an 8-hour day. One analyst can perform approximately

10 extractions in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCIATURE AND CREMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

Alternate CAB Registry
Analyte Nomenclature Number

DPA 122-39-4

B. PHYSICAL MID CHEMICAL PMPERTIES OF ANAIXTE$

Melting Boiling Density
Anlyte Formula Point (*C) Point (0C) (p/l at 20C)

DPA C1 2 HI1 N 52-54 302 1.16

C. CHEMICAL REACTIONS

None found.

2
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L 3. APPARATUS

A. INSTRUMENTATION[ Perkin Elmer Sigma 2 GC interfaced to a Spectra Physics 4100

Computing Integrator.

- B. GC PARAMETERS

1. Detector: Nitrogen-phosphorus specific; bead current

setting--6.8 to 7.0.

j 2. Column: 1/4-inch x 2-wa ID x 10-ft glass

Packing: 1.5Z OV-17 on 80/100 mesh supelcoport

. 3. Gas Flow

Carrier: Nitrogen (50 ml/minute)

Detector: Hydrogen (1-2 ml/minute)

Air (100 mi/minute)

4. Temperature

Injector: 250C

Detector: 300"C

Oven Temperature: Isothermal at 160"C

5. Injection Volume: 5 ul

6. Retention Time: 4.0 minutes

C. HARDWA/GLASSWARE

1. 50-ml, Teflon*-lined capped centrifuge tube.

2. Glass disposable pipettes.

3. Centrifuge, capable of handling 50-ml centrifuge tubes.

4. Class A volumetric flasks: 50 ml, 10 ml.

5. meCal spatula.

3
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D. CHEMICALS AND REAGENTS

1. Toluene, nanograde, distilled in glass.

2. Methanol, nanograde, distilled in glass.

3. 0.01N sodium hydroxide solution.

4. Analytical standards (SARMs or equivalent).

4. STANDARDS

A. CALIBRATION STANDARDS

I. Prepare a calibration standard stock (11.7 mg/ml) by

weighing 117 mg of the DPA SARM in a single 10-ml volumetric

flask.

Dissolve in a few ml of toluene and dilute to volume with £
toluene. Wrap the flask in foil and store in a freezer. No

evidence of degradation was observed over a 6-month period.

2. Prepare the dilute stock calibration standard by pipetting

I ml of the calibration standard stock and diluting to II
volume with toluene in a 100-ml volumetric flask. Label

this solution and store in an amber, septum-sealed vial at

VC.

3. Prepare the working stock calibration standards by making V
dilutions with toluene of dilute stock calibration standard

as follows.

Working Stock Dilute Stock
Calibration Calibration Final Concentra-
Standard Standard Volume (ml) tion (ng/i)

A 100 ul 50 234

B 200u 50 468

C 400 ul 50 937

D 1.0 al 50 2,340

E 2.0 al 50 4,680

F 4.0 ml 50 9,360

G 10.0 ml 50 23,400

Store standards in amber septum-sealed vials at VC until
ready to use.
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L B. CONTROL SPIKES

1. Prepare the stock control spike solution (2.57 mg/ml) by

veighing approximately 25.7 ag of the DPA SARM into a single
S10-ml volumetric flask.

L Dissolve in a few ml of methanol and dilute to volume with

methanol.1.
2. Dilute the stock control spike solution by pipetting I ml[. into a 10-ml volumetric flask and diluting to volume with

methanol to obtain the working stock control spike solution.

I 3. Pipet a known mount of the working control spike into a

standard soil sample. The quantity spiked should be

selected to approximately double the expected concentration

or to provide a concentration of 0.5 to 10 times the

detection limit. The precision, accuracy, and detection

limits were determined by spiking l0-g samples of soil at

the following levels:

Volume Concentration
Spiked (ul) (ug/g)

0 0

50 1.28

100 2.57

200 5.14

500 12.8

1,000 25.7

I 4. After spiking the soil, enough toluene is added to just vat

the sample. The mixture is allowed to air-dry for 1 hour

before analysis.

5. Perform the procedures in Section 5, starting with Step B2.

[5
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5. PROCEDURE

A. SAMPLE PREPARATION

1. Let all soil samples air-dry on the dull side of aluminum

foil until they can be sieved through a 30-mesh sieve.

2. Sediment samples are extracted wet.

3. Determine the dry weight of the sediment or soil by weighing

5 g of sample into a tared beaker. Dry the soil at 105C

until constant weight. Record the dry weight. Calculate

the percent moisture.

B. E'RACTION

1. Weigh 10 g of soil or 15 g of wet sediment (to the nearest

0.1 g) into a 5O-ml centrifuge tube.

2. Add 20 ml of 0.0IK sodium hydroxide, 10 ml of toluene, and

5 ml of methanol to the tube and cap. Shake the tube

vigorously for 3 minutes.

3. Place the tube in the centrifuge, and centrifuge at mdium

speed ("') until the solids separate from the solvent

(10 minutes).

4. Withdraw the toluene/methanol layer (top layer) using a

glass pipet and transfer to a 50-ml volumetric flask.

5. Repeat the extraction with 10 ml of toluene and 5 ml of

methanol two more times.

6. Combine the toluene extracts in the 50-al volumetric flask.

7. Dilute the extract with toluene to the 50-ml mark.

6
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8. Shake the flask and transfer approximately 1 ml to a

septum-sealed vial. Cap securely with septum and seal.

Protect from light by wrapping the sample vial with foil.

C. CALIBRATION

1. Inject the working standards singly at the beginning of the

analytical run and one standard at the conclusion of the

analytical run.

2. Plot the normalized peak height versus micrograms injected
L of each standard to obtain a working curve.

. 0. ANLYSIS

Inject 5 ul of the toluene extract onto the GC column.

6. CALCULATIONS

A. Determine the concentration of the analyte according to the

following formula:

Concentration (ug/g) - (A)(Vt)

TVjT
where A - Amount of analyte found (ug), determined from the

standard curve,

Vt - Volume of total extrace (al),

Vi -Volime of extract injected (al), and
V - Sample Weight (g).

2. Correct for percent uoisture in the original soil/sediment

smple.

7. .Aslzms
gone found.

See attached data sheets.

7
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Figure 1
Chromatogrm of Diphenylamin.

(2340 pg injected).
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DIPHENYLAMINEgSTD SOILCMG/KG)

TARGET DAY
CONCENTRATION 1 2 3 4

0.0000 0.0000 0.0000 0.0000 0.0000

1.2 1.06 1.16 0.980 1.06

2.57 2.52 2.47 2.26 2.16

5.14 4.42 5.16 5.12 4,87

12.8 11.6 12.2 12.5 12.4

25.7 24.6 24.9 22.8 24.0

TARGET AVERAGE STANDAPD PERCENT PERCENT .

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

1O.0.0000 0.0000

1.2b 1.06 3.0737 6.92 -16.7969

2.57 2.35 0.171 7.26 -8.4650

5.14 4.89 0.340 6.95 -4*.8152 j

1o 12.2 0.403 3.31 -4.828

25.7 24.1 0.929 3.86 -693230

10
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DIPHENYLAVIN.EsNATURAL SOIL(.VG/KG)

TARGET DAY 1.
CONCENTRATIG 1 2 3 4
----- ------------------------------------------------------------

0.0000 060000 0.0000 .0.0000 0.0000

1949 1.18 1.08 1.06 1.03

2o97 2.39 2.47 2.55 2.46

5.94 5.36 5o89 4o89 5.99

14. °  14.7 1 .39 14.5 14.6

29.7 29.9 29.7 29.5 27.7

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCEINTPATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

C.coCC Q000 0,J000 0.0000 0.0000

1.43 1. 0.0650 5o96 -27.0134

2.97 2e47 090655 2e66 -16.9192

5o94 5o!3 0.510 9.21 -6.8603

14. 14.4 0.359 2.49 -3.1879

29.7 29e2 1.01 3.47 -1.6835
------------------------------------------------------------

12
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UDMHl IN WATER SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

water samples for UDMH.

A. TESTED CONCENTRATION RANGE

The tested concentration range for standard and natural water is

5 to 107 ug/L.

B. SENSITIVITY

The normalized responses (peak heights) at the detection limits

designated in Section C (below) are 325 - for 1.36 ng in

natural water and 423 m for 2.01 ng in standard water.

C. DETECTION LIMITS

The detection limits, calculated according to Rubaux and Vos

(1970), are 11 ug/L for natural water and 16 ug/L for standard

water.

D. INTERFERENCES

This method may be subject to interferences from compounds which

can be readily oxidized under an electrochemical potential of

+0.9 volt. Phenolic compounds are included in this class;

however, chromatographic conditions were selected to minimize

interferences from the commonly found priority pollutant

phenols.

E. ANALYSIS RATE

After instrument calibration, one analyst can analyze 10 samples

in an 8-hour day.

i1



AMD.2/UD-120.2 L
7/22/82

2. CHEMISTRY

A. ALTERNATE NOMENCLATURtE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

Alye Alternate Nomenclature CAS Regist ry Number

UDMI aym-dimethylbydrazine

l,l-dimethylhydrazine 57-14-7

unsyim-dimethy Ihydras ine

N ,N-dimethylhydrazine L
Dimaxine

B.* PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Molecular Melting Boiling Density
Analyte Formula Point Point -(g/al)
!JDMH C2H8N2  -58"C 63.9*C 0.791

Chemical Structure

CR3 13

CH3

C. CHEMICAL REACTIONS L
UDHH is a powerful reducing agent used as the base in rocket

fuel formlations. UDME is highly corrosive and irritating to

skin, eyes, and mucous membranes. UDMI is readily oxidized in

alkaline solution by a number of oxidants (Ego, halogens, and
halates) to produce tetrazine. Tetrazines are inherently

unstable and split Out N2 under thermal or protolytic

conditions. In acidic solutions, IJDMII reacts to form diazenium

salts, (CR3)2N+ NH r, wahich react as dienophiles with

2
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conjugated dienes in the Diels-Alder reaction. Hydrazines

reduce many comonly found metal ions to lower valence states or

to the metals themselves. Over 23 metal ions have been shown to

react with hydrazines.

The kinetics of the decomposition of UDMH in aqueous solutions

were briefly examined, and it has been found that the halflife

for the disappearance of UDMH is less than 1 day. For this I

reason, standards for the UDMH analysis must be prepared fresh

daily, immdiately before the analysis is begun. Samples should

be analyzed as soon as possible after collection. Chromatograms

which illustrate the decomposition of UDMH in water are

presented in Figure 1.

3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 dual-pump liquid chromatograph equipped with a

Bioanalytical Systems Model EC-2A Electrochemical Detector
interfaced to a linear strip-chart recorder.

B. HPLC INSTRUMENTAL PARAMETERS

1. Detector: Bioanalytical Systems, Inc. Model EC-2A

Electrochemical Detector with a glassy carbon electrode

Potential - +0.9 volt

2. Column: Zorbax C-8 (4.6-mm ID x 25 cm)

Particle size - 5-6 us

3. Flow Rate/Mobile Phase: 1 nl/min/502 acetonitrile/50Z

0.09 M po 4 2- buffered to pH - 7

4. Temperature: 22"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 7.1 minutes

3
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L C. HAPDWAP /GlASSWA fs

i 1. 25-m1 volumstric flask (1)

2. 50-ml volumetric flask (10)

D. CHEMICALS

1. HPLC-grade acetonitrile, J.T. Baker Company.

2. HPLC-grade water, J.T. Baker Company.

3. Potassium dihydrogenphosphate, J.T. Baker Company.

4. Potassium monohydrogenphosphate, J.T. Baker Company.

4. STANDARDS

A. CALIBRATION STANDARDS

1. Prepare a stock calibration standard (6.72 mg/al) by
weighing 168 mg of the UDME SARM in a 25-ml volumetric

flask.

2. Dissolve the UDMI in a few aI of HPLC-grade acetonitrile,
and dilute to volume with acetonitrile. Wrap the flask in

foil, and store at 4*C.

3. Prepare Intermediate Stock Calibration Standard A by

pipetting 1 ml of the stock calibration standard into a

50-al volumetric flask and diluting to volume with

acetonitrile. Transfer the solution to an amber,

septum-sealed vial, and store at 4*C.

4. Prepare Intermediate Stock Calibration Standard B by

pipotting 1 ml of Intermediate Stock Calibration Standard A

into a 50-al volumetric flask and diluting to volume with

acetonitrile. Transfer this solution to an mber,

septum-sealed vial, and store at 4*C.

5. Prepare a series of working calibration standards by making
dilutions with 502 acetonitrile/50 0.09 M phosphate-

buffered water (pH- 7) as follows:

5
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Working Concen- Volume of Final
Calibration tration Standard Volume
Standard (ng/g) Standard Diluted Used (ml) (ml)

C 54 Intermediate Stock B 1 50

D 27 Intermediate Stock B 0.5 50

E 10.8 Working Standard C 10 50

F 5.4 Working Standard D 10 50

G 2.7 Working Standard D 5 50

The standards must be prepared fresh daily.

B. CONTROL SPIKES

1. Pipet a known amount of Intermediate Stock Calibration

Standard B into 25 al of standard or natural water samples,

and analyze by the procedure outlined in Section 5 below.

The quantity spiked should be selected to provide a

concentration of 0.5 to 10 times the detection limit.

2. Determine the precision, accuracy, and detection limit for

the analyte.

Volume (ml) of
Concentration Standard B

(ng/g) Spiked into 25 ml

-- 0.0

5.36 0.050

10.7 0.100

21.4 0.200

53.6 0.500

107.2 1.00

5. PROCEDURE

A. SAMPLE PREPARATION

1. Pipet 25 ml of the water sample into a 50-al volumetric

flask.

2. Add approximately 15 al of HPLC-grade acetonitrile to the

volumetric flask, shake until thoroughly mixed, and wait

until all the gas bubbles formed on mixing disappear

(approximately 5 minutes).

6
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3. Dilute to the 50-ml mark with HPLC-grade acetonitrile.L. 4. The sample is now ready for analysis by HPLC.

B. CALIB RATION

1. Inject 250 ul of each of the working calibration standards

and a blank singly at the beginning of the analytical run.

Inject Working Calibration Standard E at the end of the

analytical run to verify constancy of the instrument

response.

2. Plot the normalized peak height (era) versus the concentra-

tion for each standard to obtain a working calibration

curve.

C. ANALYSIS

1. Inject 250 ul of the ample onto the LC column.

2. Perform analysis of the sample according to tha conditions

given in Section 30.

3. Measure the peak height (m) for the UDMH peak.

6. CALCULATIONS

Calculate the concentration of UDMH according to the following

equation:

Concentration ug/L - 2A/1000

where: A is the concentration (ug/al) obtained from the calibration

curve.

The injection volme is 250 ul, and the factor of 2 is due to the

dilution of the sample with acetonitrile. This dilution is necess-ry to

match sample and mobile phase compositions to minimise baseline

disturbances arising from the sample injection.

7. RIRiENCIS

None found.

7
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8. DATA

See attached data sheets. The target values reported are the averages

of the values obtained over the 4 successive days of spiking

experiments. Since UDKH decomposes rapidly, the standards were prepared

fresh each day, and exact duplication of the target values was not

practically feasible. The actual target values were closely spaced

about the averages with a relative standard deviation of 2 percent.

8
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UDMHqSTANDARD WATER(UG/L)

TAFGET DAY
CCNCENTR AT ICN I 2 3 4

---------------------- --------------------------------------------------

06000) 0.0000 0.0000 090000 C.O000

5.20 8.68 4.77 5.63 6o25

10.s4 13.3 11.2 12.2 10.8

20,8 24.8 24.4 22.5 28.2

52.0 60.6 54.0 51.1 62.5

104 101 110 102 125

-.

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

c.0000 0.OOCc 0.00O 0.0000 090000

5e20 6.38 1.65 2509 22.7

10.4 11.9 1912 9.41 14.2

20.8 25.0 2.37 9e50 20.1

52.0 57.0 5e39 9.44 9.71

104 110 11.1 10.1 5.29

10
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UtCM~iNATURAL W.ATEi(UG/L)

TA.mGET DAY
CCNCENTRATION 1 2 3 4

Co0ooG 0.0000 0.0000 0.0000 0.0000

54.00 4e66 3.o69 7.45

10.8 11.7 13.7 11.7 15.7

21e5 27.7 30.6 26.5 28.G

5 3.8E 77.7 68.2 65.0 63.9

106 124 136 128 127

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

11.00cC, 0.OCOO 0.0000 000000 00000

5938 4095 1.72 34.6 -7.9926

10.8 13.2 1991 14.5 22o2

21.5 28.2 1.73 6.12 31.2

53.8 68.7 6.27 9.13 27.7

108 129 5.12 3.98 19.2

-----------------------------------------------------------------

12
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ATNBA IN WATER SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

water samples for ATNBA.

A. TESTED CONCENTRATION RANGE

The tested concentration range in natural and standard water is

listed below in ug/L.

Analyte Range (ug/L)

ATNBA 0.59 to 11.8

B. SENSITIVITY

The normalized response (integrator counts) at the natural water

detection limit designated in Section 1C is listed below:

Analyte Integrator Counts Nanograms

ATNBA 107,111 248

The normalized response (integrator counts) at the standard

water detection limit designated in Section IC is listed below:

Analyte Integrator Counts Nanograms

ATNBA 160,343 371

C. DETECTION LIMIT

The detection limit in natural water, calculated according to

Hubaux and Vos (1970), is listed below:

Analyte Detection Limit (ug/L)

ATNBA 2.2
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The detection limit in standard water, calculated according to

Hubaux and Vos (1970), is listed below:

Analyte Detection Limit (ug/L)

ATNBA 3.3

D. INTERFERENCES

This method may be subject to interferences from nonvolatile

organic compounds which absorb light at 254 nanometers and are

extractable from water at pH - 5 with methylene chloride/L

acetone. Interferences are minimized by FlorisilO Sep-Pak*

cleanup.

E. ANALYSIS RATE

After instrument calibration, one analyst can analyze

8 extracts in an 8-hour day. One analyst can perform
approximately 8 extractions in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

CAS Registry
Analyte Alternate Nomenclature Number

ATNBA 2,4,6-trinitrobenzene carbonal 606-34-8

2 ,4,6-trinitrobenzene carbox-

aldehyde

B.* PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Melting Boiling Density
Analyte Formula Point (*C) Point (*C) (g/ml)

ATNBA C7 H3 07 N3  119 --
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t Chemical Structure

HC *0.

IN2  NC2

C. CH9MICAL REACTIONS

ATNBA is explosive and rapidly decomposes in light; it must be

protected by use of amber glass or aluminum foil. It decomposes

rapidly to 135TNB in basic solution via a red-colored

intermediate. It is slowly decomposed to 135TNB by dissolved

oxygen, water, or upon heating with water or alcohol.

3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 dual-pump liquid chromatograph equipped with an

Altex Model 153 UV detector interfaced to a Spectra Physics

Model 4100 computing integrator.

B. HPIC INSTRUMENTAL PARA ETERS

1. Detector: Altex Model 153 UV detector ( A * 254 nm).

2. Column: Ultrasphere C18 (4.6-mm ID x 25 cm)

Particle size: 5 um

V3
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3. Flow Rate/Mobile Phase: 1 ml/min

45% H20/55% methanol

4. Temperature: 25"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Times:

Analyte Retention Time (minutes)

ATNBA 5.8

135TNB (decomposition product) 6.4

C. HARDWARE/GLASSWARE

1. l-L Teflon* separatory funnels with screw caps (8);

2. 250-ml flat-bottomed boiling flasks (8);

3. Glass filter funnels (8); L
4. Rotary evaporation with controlled-temperature water baths

(4); i
5. Cold trap and vacuum pump;

6. 15-mI graduated centrifuge tubes (8); and

7. 5-al glass syringes with Luer-lock attachments (8). L

D. CHEMICALS

1. Nanograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. HPLC-grade water--J.T. Baker Company;

4. Reagent-grade anhydrous sodium sulfate;

5. Nanograde pentane;

6. HPLC-grade acetonitrile--J.T. Baker Company;

7. Florisil* Sep-Paks*--Waters Associates;

8. 85% phosphoric acid--ACS;

9. ColorphastO indicator sticks (MCB Manufacturing Chemists,

Inc.); and

10. Pasteur pipettes.

4
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4. STANDARDS

A. CALIBRATION STANDARDS

1. The ATNBA stock calibration standard (1.06 mg/al) is

prepared by weighing 10.6 mg of ATNBA into a 10-ml

volumetric flask, dissolving the ATNBA in a few ml of

acetonitrile, and diluting to the mark. The stock solution

should be stored under nitrogen, in an amber vial in a

freezer. It should be replaced on a monthly basis or sooner

if degradation is observed (bright pink color or appearance

of 135TNB on chromatogram).

2. An intermediate calibration standard is prepared by diluting

1 ml of the stock solution to 100 ml with acetonitrile that

has been vacuum degassed. This standard should be stored

under nitrogen, in an amber vial, in the freezer. It should

be replaced on a weekly basis, or sooner if degradation is

observed.

3. Prepare a series of working calibration standards by making

dilutions of the intermediate calibration standard. The

standards should be made fresh just prior to analysis.

Dilute with a 50% acetonitrile/50% water solution (that has

been vacuum degassed and kept under nitrogen) as follows:

Working Volume
Calibration Standard of Standard Final

Standard Diluted Used (ml) Volume (ml)

A Intermediate 5.0 10.0
stock

B Intermediate 2.0 10.0
stock

C Intermediate 1.0 10.0
stock

D Intermediate 0.50 10.0
stock

I Intermediate 0.20 10.0
stock

F Intermediate 0.10 10.0
stock

5
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Working
Calibrat ion

Standard Concentration (ug/ml)

A 5.30

B 2.12

C 1.06

D 0.530

E 0.212

F 0.106

B. CONTROL SPIKES

1. Use the intermediate calibration standard as the control

spiking solution. i.
2. Measure out 900 ml of water into a 1-L separatory

funnel.

3. Pipet a known amount of the control spike solution into the

sample and mix thoroughly. The tantity spiked should be

selected to provide a concentration of 0.5 to 10.0 times the

detection limit.

Spike Volume Concentration of Spiked
(ml) Water (ug/L)

0.05 0.59

0.1 1.18

0.2 2.36

0.5 5.89

1.0 11.78

4. Adjust the pH of the sample to 5 with 85% H3P04.

5. Extract the samples according to the procedure presented in

Section 5B.

6
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5. PROCEDURE

A. SAMPLE PREPARATION

1. Measure 900 ml of the sample into a 1-L TeflonO separatory

funnel.

2. Adjust the sample pH to 3 with 85% H3 PO4 by dropwise

addition.

B. EXTRACTION

I. Add 60 ml of methylene chloride to the separatory funnel.

2. Extract the sample by shaking the funnel for 3 minutes and

then allowing 10 minutes phase separation time. Emulsions
t. formed should be separated by centrifuging or sonication.

3. Drain the methylene chloride through a glass funnel filled

I with a small plug of glass wool and approximately 20 g of

anhydrous sodium sulfate into a 250-ml boiling flask.

4. Repeat Steps I through 3 twice more and then combine

extracts. The extracts should be protected from light by

covering the boiling flask with aluminum foil.

5. After the third extract has been transferred to the flask,

rinse the sodium sulfate in the funnel with approximately

20 ml of methylene chloride.

6. Concentrate the methylene chloride extract by rotary

evaporation on a 35"C water bath.

7. When the apparent volume of the solution remaining in the

flask is about 1 l, remove the apparatus from the rotovap.

Using a Pasteur pipette, transfer the extract to a 15-ul

graduated centrifuge tube. Rinse the flask with an

additional 1 ml of methylene chloride. Transfer the rinse

to the centrifuge tube and raise the volume to 2.5 ml.

8. Raise to a final volume of 5 ml by adding nanograde pentane.

Mix.

9. Equip a 5-ml syringe with a Florisil* Sep-Pak*. Pour the

extract into the syringe, and pass through the Sep-Paki,

discarding the eluent.

j 7
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10. Measure 5 al of a 20% acetonitrile/80% methylene chloride

solution in the centrifuge tube, and pour into the syringe.

Elute the Sep-Pak@ into the original boiling flask.

11. Evaporate the extract on the rotovap to an approximate

volume of I ml. Add 10 ml of acetonitrile, and reduce the

volume to 1 ml. Add a further 10 ml of acetonitrile, and

reduce the extract to a final volume of 0.5 al.

12. Transfer the 0.5 al of extract to a 15-ml graduated

centrifuge tube using a Pasteur pipette. Rinse the flask

with an additional 0.5 ml of acetonitrile (which has been

vacuum degassed and stored under nitrogen) and transfer to

the centrifuge tube. Raise to a final volume of 2.0 ml with

HPLC-grade water (vacuum degassed and stored under

nitrogen).

13. Transfer to a 3-ml amber, septum-sealed vial for storage at

4*C.

14. The extract is now ready for chromatography by HPLC. The

extract must be analyzed within 24 hours of time of

extraction.

C. ANALYSIS

1. Inject 250 ul of the extract onto the HPLC column.

2. Perform the analysis of the sample using the conditions

given in Section 3B.

3. Measure the response of the component of interest.

6. CALCULATIONS

A. Prepare a standard curve of concentration (ug/ml) of standard

versus peak area counts.

B. Deteruine the concentration of ATNBA according to the following

formula:

8



L. AMD.4/TNBAH2O.9
7/22/82

Concentration (ug/L) = (A)(V

Vs

where: A - Concentration (ug/ml) of analyte found in the

sample by comparison with the appropriate standard

curve,

Vt = Volume of total extract (ml), and

Vs M Volume of initial sample extracted L).

7. REFERENCES

None found.

8. DATA

See attached data sheets.

---
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Chromatogrm of a Natural Water Extract Spiked at the

2.36-ug/L Level with ATNRA
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29496 TNBA9NATURAL WATER (UG/L)
------------------------------------------------------- -------------------

TARGET DAY
CONCENTRATION 1 2 3 4
------------------------------------- ------------------------- ------------

0.0000 0.0000 0.0000 0.0000 0.0000

09590 0.250 0.290 0.430 0.380

1.18 0.370 0.470 0.480 0.720

2.36 1.15 1.13 1.50 1.08

5o89 4.49 4.95 4.97 4912

*-11.8 9.07 9e96 11.7 9.49

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

000000 000000 090000 000000 0.0000

0*590 0.337 0.0822 2494 -42o7966

1.18 0.510 0e.49 29.1 -56.7797

2.36 1.21 0.192 1598 -48*5170

5.89 4o63 0*407 8979 -21.3497

1108 10.0 1.14 11*3 -14e7284

13



LS W

w

z in

4CD

eCU.
.0 I-L

LLa

Cocoaace aIAIA no*

14U



I.

L" 2,4,6 TNBAtSTANDARD WATER (UG/L)

TARGET DAY
CONCENTRATIGN 1 2 3 4

- 0.000G0 0.0000 0000 0.0000 0.0000

0.590 0.450 0.330 0.230 0.380

1.18 0.600 0.400 0.480 0.580

2.36 0.770 0.690 0.800 1.39

5.89 3.11 2.59 3.33 39"T

11.8 7.58 9.70 10.3 8.97

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.0000 0.0000 000000 0.0000

0.590 O.347 0-0925 26.6 -41.1017

1.18 G.515 0.0929 18.0 -56.3559

2.36 0.912 0.322 35.3 -61.3348

5.89 3.20 0.491 15.3 -45.6706

.11.8 9.15 1.19 13.0 -2293472

-------------------------------------------------------------------------------------
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L .

ATNBA IN SOIL SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

soil samples for ATNBA.

A. TESTED CONCENTRATION RANGE

The tested concentration range in natural and standard soil is

listed below in ug/g:

Analyte Range (ug/g)

ATNBA 0.51 to 10.2

B. SENSITIVITY

The normalized response (integrator counts) at the natural soil

detection limit designated in Section IC is listed below:

Analyte Integrator Counts Nanograms

ATNBA 750,970 1,780

The normalized response (integrator counts) at the standard soil

detection limit designated in Section IC is listed below:

Analyte Integrator Counts Nanograms

ATNIA 429,880 1,010

C. DETECTION LIMIT

The detection limit in natural soil, calculated according to

Rubaux and Vos (1970), is listed below:

Analyte Detection Limit (ug/g)

ATNBA 3.5

l i 1
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The detection limit in standard soil, calculated according to

Hubaux and Vos (1970), is listed below:

Analyte Detection Limit (ug/g)

ATNBA 2.0

D. INTERFERENCES

This method may be subject to interferences from nonvolatile

organic compounds which absorb light at 254 nu and are

extractable from soil with methylene chloride. Interferences

are minimized by Florisil@ Sep-Pak* cleanup.

E. ANALYSIS RATE

After instrument calibration, one analyst can analyze

8 extracts in an 8-hour day. One analyst can perform

approximately 8 extractions in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAS)

REGISTRY NUMBER

CAS Registry
Analyte Alternate Nomenclature Number

ATNBA 2,4,6-trinitrobenzene carbonal 606-34-8

2,4,6-trinitrobenzene carbox-

a ldehyde

B. PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Melting Boiling Density

Analyte Formula Point (C) Point (C) (1/ul)

ATMIA C7 R30713  119

2
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Chemical Structure

HC a.
NO2  No2

N

1. NO2

C. CHEMICAL REACTIONS

ATNBA is explosive and rapidly decomposed by light, and its

solutions must be protected by use of amber glass or aluminum

foil wrapping. It decomposes rapidly to 135TNB in basic

solution via a red-colored intermediate. ATNBA is slowly

decomposed to 135TN3 by dissolved oxygen, water, or upon heating

with water or alcohol.

3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 dual-pump liquid chromatograph equipped with an

Altex Model 153 UV detector interfaced to a Spectra Physics

Model 4100 computing integrator.

B. HPLC INSTRUMENTAL PARAMETERS

1. Detector: Altex Model 153 UV detector ( - 254 am)

2. Column: Ultrasphere C18 (4.6-mm ID x 25 cm)

Particle size: 5 um

3
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3. Flow Rate/Mobile Phase: I mi/mmn

45% H20/55% methanol

4. Temperature: 25*C
5. Injection Volume: 250 ul, fixed loop

6. Retention Times:

Analyte Retention Time (minutes)

ATNBA 5.8

135TNB (decomposition product) 6.4

C. HARDWARE/GLASSWARE

1. 50-mi centrifuge tubes with Teflon'*-lined screw caps (8);

2. 250-mi boiling flasks (8);

3. Glass filter funnels (8);

4. Rotary evaporator (8), with controlled water bath, manifold,

cold trap, and vacuum pump;

5. 15-mI graduated centrifuge tubes (8);

6. 5-ml glass syringes with Luer-lock attachments (8); and

7. Centrifuge (capacity for 50-mi tubes).

D. CHEMICALS

1. Manograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. HPLC-grade water--J.T. Baker Company;

4. Reagent-grade anhydrous sodium sulfate;

5. Nanograde pentane;

6. HPLC-grade acetonitrile--J.T. Baker Company; and

7. FlorisilO Sep-Paks*--Watera Associates.

4. STANDARDS

A. CALIBRATION STANDARDS

1. The ATNBA stock calib..ation standard (1.02 mg/mi) is

prepared by weighing 10.2 mg of ATHBA into a 10-mi

4
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volumetric flask, dissolving the ATNBA in a few ml of

acetonitrile, and diluting to the mark with acetonitrile.

The stock solution should be stored under nitrogen, in an

amber vial, in a freezer. The stock solution should be

replaced on a monthly basis or sooner if degradation is

observed (bright pink color or appearance of 135TNB on

chromatogram).

2. An intermediate calibration standard is prepared by diluting

2 ml of the stock solution to 10 ml with acetonitrile. This

standard should be stored under nitrogen, in a septum-

sealed, amber vial in the freezer. The standard should be

replaced on a weekly basis or sooner if degradation is

observed.

3. Prepare a series of working calibration standards by making

dilutions of the intermediate calibration standard. The

working calibration standards should be made fresh just

prior to analysis. Dilute with a 50% methanol/50 water

solution which has been vacuum degassed and stored under

nitrogen. Prepare the dilutions as follows:

Working Volume
Calibration of Standard Final

Standard Standard Diluted Used (ml) Volume (ml)

A Intermediate Calibration 1 10
Standard

B Intermediate Calibration 0.5 10
Standard

C Intermediate Calibration 0.1 5
Standard

D Intermediate Calibration 0.1 10
Standard

2 Intermediate Calibration 0.05 10
Standard

F Working Calibration 1 10
Standard C

5
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Working Calibration Concent rat ion
Standard (ug/ml)

A 20.4

B 10.2

C 4.08

D 2.04

E 1.02

F 0.408

B. CONTROL SPIKES

1. Use the intermediate calibration standard as the control

spiking solution.

2. Allow the soil sample to air dry on the dull side of

aluminum foil until it can be sieved through a 30-mesh

sieve. (Sediment samples are extracted wet.)

3. Weigh 20 g of sieved soil or wet sediment into a 50-ml

centrifuge tube with a Teflon*-lined screw cap.

4. Pipette a known amount of the control spike solutions into

3 ml of methylene chloride and quantitatively transfer to

the 20-g soil sample. The quantity spiked should be

selected to provide a concentration of 0.5 to 10.0 times the

detection limit.

Spike Volume Concentration of Spiked
(ml) Soil (ug/g)
0.05 0.51

0.1 1.02

0.2 2.04

0.5 5.1

1.0 10.2

5. Allow the soil to air dry for at least 1 hour. Shake the

soil to ensure mixing of the spiking solution throughout the

sample.

6. Extract the sample according to the procedure presented in

Section 53.

6
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5. PROCEDURE

A. SAMP LE PREPARATION

1. Let all soil samples air dry on the dull side of aluminum

foil until they are suitably dry so they can be sieved

through a 30-mesh sieve.

2. Sample the sieved soil by quartering and weighing 20 g into

a 50-ml centrifuge tube.

B. EXTRACTION

1. Add 30 ml of methylene chloride to the centrifuge tube.

2. Cap the tube, shake for 3 minutes, and centrifuge for

7- 5 minutes at 2,000 rpm.

3. Decant off the methylene chloride and pass through a glass

funnel filled with a small plug of glass wool and

approximately 20 g of anhydrous sodium sulfate into a 250-ml

boiling flask. In event of a wet sediment, the methylene

chloride layer should be withdrawn by use of a Pasteur pipet

and the aqueous layer retained.

4. Steps 1 through 3 should be repeated twice more and the

methylene chloride extracts combined. The extracts in the

boiling flask should be protected from light by covering

with aluminum foil.

5. After the third extract has been transferred to the boiling

flask, rinse the sodium sulfate in the funnel with

approximately 20 ml of methylene chloride.

6. Concentrate the methylene chloride extract by rotary

evaporation on a 35*C water bath.

7. When the apparent volume of the solution remaining in the

flask is about 1 ml, remove the apparatus from the rotovap.

Transfer the extract to a 15-ml graduated centrifuge tube

using a Pasteur pipet. Rinse the boiling flask with an

additional I ml of methylene chloride, and transfer the

rinses to the centrifuge tube. Raise the volume of the

extract to 2.5 ml with methylene chloride.

7
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8. Raise to a final volume of 5 ml by adding nanograde pentane.

Mix.

9. Equip a 5-ml glass syringe with a FlorisilO Sep-PakO. Pour

the extract into the syringe and pass through the Sep-PakO,

discarding the eluent.

10. Put 5 ml of a 20% acetonitrile/80% methylene chloride

solution in the centrifuge tube and pour into the syringe.

Elute the Sep-Paks into the original boiling flask.

11. Evaporate the extract on a rotovap to an approximate volume

of 1 ml. Add 10 ml of acetonitrile, and reduce the volume

to I ml. Repeat with a further addition of 10 ml of

acetonitrile and a final volume of I ml.

12. Transfer the 1-ml extract to a 15-ml graduated centrifuge

tube using a Pasteur pipet. Rinse the flask with an

additional 2 ml of acetonitrile (which has been vacuum

degassed and stored under nitrogen) and transfer to the

centrifuge tube. Raise to a volume of 4 ml with

acetonitrile and to a final volume of 10 ml with HPLC-grade

water (vacuum degassed and stored under nitrogen).

13. Transfer to a 5-ml amber, septum-sealed vial for storage at

40C. Fill the vial to minimize headspace.

14. The extract is now ready for chromatography by HPLC. The

extract should be analyzed within 24 hours and preferably

immediately.

C. ANALYSIS

1. Inject 250 ul of the extract onto the HPLC colan.

2. Perform the analysis of the sample using the conditions

given in Section 3B.

3. Measure the response of the component of interest.

8
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6. CALCUIATIONS

A. Prepare a standard curve of concentration (ug/ml) of standard

versus peak area counts.

B. Determine the concentration of ATNBA according to the following

formula:

(A)CV )
Concentration (ug/g) Ws

where: A - Concentration (ug/ml) of analyte found in the

sample by comparison with the appropriate standard

curve,

Vt = Volume of total extract (ml), and

Ws = Weight of initial sample extracted (g).

7. REFERENCES

None found.

8. DATA

See attached data sheets.
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C0C-2 T1. 4Z

0.l

5.5.93 4 3o29 5.*32 3 . c1

5*47 7988 119-4 6.74

T;-rCTAVERAGE STANDARD PERCENT PERCENT i
COIXCENTPATIcOh FOUND VALUE DEVIATION IMPRECISION INACCURACY

L~ooo0.0000 0.0000 0.,20002.00

J.165 511 -. 1964

-C .8-77 0.0,236 2.86 -189E726

2.04 t3 .9 5 6 5*~25 -102.7843

5.,.4.24 1.26 29*o -16ocb27

13.2 8.85 1.98 22.4 -13e2598
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4 ,2.C4 1.54 2.21 1.59

4 46 3.18 5.47 4.21

i*.2.62 7.74 8.65 9.73

i
-------------------------------------------- -
TA;-GET AVERAGE STANDARD PERCENT PERCENT
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35DNP IN WATER SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

soil samples for 35DNP.

A. TESTED CONCENTRATION RANGE

The tested concentration range in natural and standard soil is

0.61 to 12.2 ug/L.

B. SENSITIVITY

The normalized response (integrator counts) at the natural water

detection limit designated in Section l(C) is listed below:

Analyte Integrator Counts Nanograms

35DNP 69,000 510

The normalized response (integrator counts) at the standard

water detection limit designated in Section 1(C) is listed

below:

Analyte Integrator Counts Nanogram

35DNP 58,000 431

C. DETECTION LIMIT

The detection limit in natural water calculated according to

Rubaux and Vos (1970), is 4.5 ug/L. The detection limit in

standard water is 3.8 ug/L.

D. INTERFERENCES

This method may be subject to interferences from nonvolatile,

water soluble organic compounds which absorb light at 340 nu and

are extractable from water with methylene chloride. Inter-

ferences are minimized by a base-neutral pre-extraction of the

sample and a Florisils Sep-Pak* cleanup.
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Z. ANALYSIS RATE

After instrument calibration, one analyst can analyze

20 extracts in an 8-hour day. One analyst can perform

approximately six extraction* in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCIATURE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

CAS Registry
Analyte Alternate Nomenclature Number

35DNP None 586-11-8

B. PHYSICAL AND CHEMICAL PROPERTYES OF ANALYTE

Acid
Melting Dissociation

Analyte Formula Point ('C) Constant

35DNP C6 13 05N2  126 pka = 6.7

Chemical Structure

ON

021 N.6 O92

C. C MICAL REACTIONS

35DNP undergoes normal phenolic reactions such as acid

dissociation. No reactions which adversely affected the

stability of the compound wre observed.

3. APPARATUS

A. INSTIUNENZATION

Altex Model 322 dual pump liquid chromatograph equipped with an

Altes Model 153 W detector end 340-nm filter interfaced to a

Spectra Physics Model 4100 computing integrator.

2
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B. HPLC INSTRUMENTAL PARAMETERS

1. Detector: Altex Model 153 fixed-wavelength detector

equipped with a 340-n. filter. (k- 340 nm)

2. Column: Ultrasphere C18 (4.6-umm ID x 25 cm)

Particle size: 5 um

3. Flow Rate/Mobile Phase: I mI/min

30% water/701 methanol/

0.03 M H3PO4

4. Temperature:, 25"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 6.0 minutes

C. HARDWARE/GLASSWARE

I. 1-L Teflon* separatory funnels with screw caps (6);

2. Short-stemmed glass funnels (6);

3. 500-ml K-D evaporative flasks, acid washed (6);

4. 3-ball Snyder columns (6);

5. 2-ball micro-Snyder columns (6);

6. 10-ml graduated centrifuge tubes (6);

7. 5-ml glass syringes with Luer-lock tips (6); and

8. 1-liter graduated cylinders (6).

D. CHEMICALS

1. Nanograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. HPLC-grade water--J.T. Baker Company;

4. Acid-washed, anhydrous sodium sulfate (reagent grade)-

prepared as follows: in a 500-ml, round-bottom flask,

slurry 100 g of anhydrous sodium sulfate with 200 ml of

diethyl ether containing 0.1 al of concentrated sulfuric

acid. Attach the flask to a rotary evaporator and remove

the ether by vacuum evaporation. Store the treated sodium

sulf4te at 130"C.
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5. Acid-treated glass wool--Supelco 2-0383;

6. 6N NaOR--veigh out 240 g of reagent-grade NaOH pellets and

dissolve in I L of organic-free water;

7. 85% phosphoric acid, reagent grade;

8. 6N HCl--dilute concentrated HCl 1:1 with water;

9. Florisil* Sep-Pakse--waters Associates;

10. Sodium chloride, reagent grade;

11. Teflon* boiling chips; and

12. ColorpHastO pH indicator sticks--MC/B Manufacturing

Chemists, Inc.

4. STANDARDS

A. CALIBRATION STANDARDS

1. The stock calibration standard (1.22 mg/ml) is prepared by

weighing 12.2 mg of 35DNP into a l0-ml volumetric flask,

dissolving in a few ml of methanol, and diluting with

methanol to the mark.

2. Prepare a series of working calibration standards by making

dilutions of the stock calibration standard. Dilute with

the HPLC mobile phase (30% water/70% methanol/O.03 M

H3PO4 ) as follows:

Working Volume
Calibration Standard of Standard Final

Standard Diluted Used (ml) Volume (ml)

A Stock Calibration 1 50
Standard

B Standard A 5 10

C Standard A 1 10

D Standard A 2 25
D Standard A 1 25

F Standard A 1 50

4
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Working
Calibration

Standard Concentration (ug/ml)

A 24.4

B 12.2

C 2.44

D 1.95

E 0.976

F 0.488

B. CONTROL SPIKES

1. Use Working Calibration Standard A as the control spike

solution.

2. Measure 900 ml of water into a 1-L Teflon* separatory

funnel.

3. Pipet a known amount of the control spike solution into the

900-ml sample. The quantity spiked should be selected to

provide a concentration of 0.5 to 10.0 times the detection

limit.

Spike Volume Concentration of Spiked

(ml) Water (ug/L)

0.05 1.36

0.10 2.71

0.20 5.42

0.50 13.6

1.00 27.1

4. Shake the sample to assure a homogeneous mixture before

extraction.

5. PROCEDURE

A. KXTRACTION

1. Measure 900 ml of sample to be analyzed and pour into a

1-L separatory funnel.

2. Adjust the sample pH to 12 with 6N NaOR (approximately

3 ml). Add 100 g of NaC1 to the sample. Shake the sample

to dissolve the salt.

I5
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3. Add 100 ml of methylene chloride and shake for 1 minute.

Allow the layers to separate at least 10 minutes.

Centrifugation or placing the separatory funnel in an

ultrasonic bath aids in breaking any emulsions.

4. Discard the methylene chloride extract.

5. Add 3 ml of 85% H3PO4 to the sample. Mix well and then

adjust the pH to 3 by adding 6N NaOH (approximately

3.5 ml).

6. Extract the sample sequentially with three 100-ml portions

of methylene chloride using 2-minute shake times and

10-minute separation times.

7. Pass the extracts through a glass funnel containing

approximately 20 g of acid-washed sodium sulfate and an

acid-washed glass wool plug. Collect the extracts in an

acid-washed K-D apparatus with a 10-ml receiver. Rinse the

sodium sulfate with approximately 20 ml of methylene

chloride. Add a Teflon@ boiling chip to the extract, and

attach a three-ball Snyder column to the apparatus.

8. Concentrate the methylene chloride extract by placing the

K-D apparatus in an 80"C water bath, immersing the receiver

nearly up to the joint. The balls in the Snyder column

should chatter actively at the proper evaporation rate.

9. Let the apparent volume of extract in the receiver decrease

to approximately 2 ml, then remove the receiver from the

bath and let cool. Detach the receiver from the K-D

apparatus and add methylene chloride to raise the volume to

approximately 5 ml.

10. Attach a Florisils Sep-Pak to a 5-ml syringe and transfer

the extract into the syringe. Pass the entire extract

through the Sep-Pak* at a rate of approximately 5 al/min and

discard the eluate. Rinse the receiver with an additional

I ml of methylene chloride, pass the rinses through the

Sep-Pak*, and discard the eluate.

6
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11. Elute the analyte from the Sep-Pak@ with 5 ml of 5% methanol

in methylene chloride and collect in the original receiver.

12. Add approximately 2 ml of methanol and a fresh Teflon@

boiling chip to the receiver and attach the two-ball micro-

Snyder column. Concentrate to approximately 2 ml on a 90"C

water bath. Repeat the concentration by adding 10 ml of

methanol and reconcentrating to approximately 2 ml. Repeat

this process once more by adding 10 ml of methanol and

reducing the volume to less than 1.0 ml.

13. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-ml graduated centrifuge tube, rinsing

the receiver with 0.5 ml of HPLC-grade water. Add two drops

of 85% phosphoric acid and raise the extract volume to

exactly 2.0 ml in the centrifuge tube with HPLC-grade

water.

14. Transfer to a 2-ml septum-sealed vial for storage at 4"C.

The extract is now ready for HPLC analysis.

B. ANALYSIS

1. Inject 250 ul of the extract onto the RPLC column.

2. Perform the analysis of the sample using the conditions

given in Section 3(0).

3. Measure the response of the 35DNP peak.

6. CALCULATIONS

A. Prepare e standard curve of concentration (ug/ml) of standard

versus peak area counts.

B. Determine the concentration of 35DNP according to the following

formula:

(A)(vt)
Concentration (ug/L) s

7
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where: A - Concentration (ug/ml) of analyte found in the

sample extract by comparison with the appropriate

standard curve,

Vt - Volume of total extract (ml), and

Vs Volume of initial sample extracted (L).

7. REFERENCES

None found.

8. DATA

See attached data sheets.

8
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3 C'P,!'ATURAL. 'H (UG/L)
-------------------------------------- ------------- -------------------

TARGET DAY
C0OJCENTOATION 1 2 34
. . --- - - ------------- ------

0.0000 0.0000 0.00000 0o0000 0.0000

1.36 0.950 0.930 1.1b 0.920

2.71 1.60 1.62 2.04 1.70

5.42 2.94 2.42 3.62 3.80

13.6 8.63 8.62 10.5 10.5

27.1 1.2 18.4 21.5 22.9

--------------------------------- -------- ------------ -------

-------------------------------------------mm----------------
TAPGFT AVERAGE STANDARD PERCENT PERCENT
COCE TRATION FOUt!D VALUE DEVIATION IMPRECISION INACCURACY

-,'.. 0. c00 0.0000 0.0000

1Z0 2.990 06114 11,5 -2792059

.7i 1.74 .2C5 li.e -35.7934
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1366 9.55 1.09 l1.4 -29e7426

27.1 2C.D a.Z7 10.1 -24o3543

------------------------- ------------ --------------------- --------
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*I 35DNP IN SOIL SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

soil samples for 35DNP.

A. TESTED CONCENTRATION RANGE

The tested concentration range in natural and standard soil is
L. 0.61 to 12.2 ug/g.

B. SENSITIVITY

The normalized response (integrator counts) at the natural soil

detection limit designated in Section 1(C) is listed below:

Analyte Integrator Counts Nanograms

35DNP 125,596 850

The normalized response (integrator counts) at the standard soil

detection limit designated in Section 1(C) is listed below:

Analyte Integrator Counts Nanograms

35DNP 140,160 950

C. DETECTION LIMIT

The detection limit in natural soil, calculated according to

Hubaux and Vos (1970), is 1.7 ug/g. The detection limit in

standard soil is 1.9 ug/g.

D. INTERFERENCES

This method may be subject to interferences from nonvolatile,

water soluble organic compounds which absorb light at 340 nm and

are extractable from water with methylene chloride. Inter-

ferences are minimized by a water extraction of the sample and a

Florisil* Sep-Pak* cleanup.
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E. ANALYSIS RATE

After instrument calibration, one analyst can analyze

20 extracts in an 8-hour day. One an- -t can perform

approximately six extractions in an 8--_.ar day.

2. CHEMISTRY

A. ALTERNATE NOMENCIATURE AND CHEMICAL ABSTRACT SERVICE (CAB)
REGISTRY NUMBER C istr

Analyte Alternate Nomenclature Number

35DNP None 586-11-8

B. PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Acid
Melting Dissociation

Analyte Formula Point (C) Constant

35DNP C6 1305N2  126 pka , 6.7

Chemical Structure

on

023 N3..02

C. CHEMICAL REACTIONS

35DNP undergoes normal phenolic reactions such as acid

dissociation. No reactions which adversely affected the

stability of the compound wre observed.

3. APPARATUS

A. INSTRUMNTATION .

Altex Model 322 dual-pimp liquid chromatograph equipped with an

Altex Model 153 UV detector and 340-nm filter interfaced to a

Spectra Physics Model 4100 computing integrator.

2.
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B. HPLC INSTRUMENTAL PARAMETERS

1. Detector: Altex Model 153 fixed-wavelength detector

equipped with a 340-nm filter (A- 340 rnm)

2. Column: Ultrasphere C18 (4.6-mm ID x 25 cm)

Particle size: 5 ur

3. Flow Rate/Mobile Phase: I al/min

301 vater/70% methanol

0.03 M R3P04

4. Temperature: 25*C

. 5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 6.0 minutes

L.

C. HARDWARE/GIASSWARE

1. 250-mi separatory funnels with stoppers, acid washed (6);

2. Short-stemmed glass funnels (6);

3. 500-ml K-D evaporative flasks, acid washed (6);

4. 3-ball Snyder columns (6);

5. 2-ball micro-Snyder columns (6);

6. 10-ml graduated centrifuge tubes (6);

7. 5-ml glass syringes with Luer-lock tips (6);

8. I-L graduated cylinders (6); and

9. 50-ml centrifuge tubes with Teflon'-lined screw caps (6).

D. CHEMICALS

1. Nanograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. HPLC-grade water--J.T. Baker Company;

4. Acid-washed, anhydrous sodium sulfate (reagent grade)-

prepared as follows: in a 500-ml, round-bottom flask,

slurry 100 g of anhydrous sodium sulfate with 200 ml of

diethyl ether containing 0.1 ml of concentrated sulfuric

acid. Attach the flask to a rotary evaporator and remove

the ether by vacuum evaporation. Store the treated sodium

sulfate at 130C.

3
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5. Acid-trea I glass wool--Supelco 2-0383;

6. 851 ?hosphortc acid, reagent grade;

7. 6N HC-- tte concentrated HCI 1:1 with water for acid

washing gi %ware;

8. FlorisilO Sep-Paks*--Waters Associates;

9. Sodium chloride, reagent grade;

10. Teflon* boiling chips; and

11. ColorpHastO pH indicator sticks--MC/B Manufacturing

Chemists, Inc.

4. STANDARDS

A. CALIBRATION STANDARDS

I. The stock calibration standard (1.22 mg/ml) is prepared by

weighing 12.2 mg of 35DNP into a I0-ml volumetric flask,

dissolving in a few al of methanol, and diluting with

methanol to the mark.

2. Prepare a series of working calibration standards by making

dilutions of the stock calibration standard. Dilute with

the HPLC mobile phase (30% water/70% methanol/0.03 M

H3PO4) as follows:

Working Volume
Calibration Standard of Standard Final

Standard Diluted Used (ml) Volume (ml)

A Stock Calibration 5 25
Standard

B Standard A 1 10

C Standard A 0.5 10

D Standard B 2 10

K Standard B 1 10

F Standard B 0.5 10

G Standard C 0.5 10

4
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Working
Calibration

Standard Concentration (ug/mi)

A 244

B 24.4

C 12.2

D 4.88

E 2.44

F 1.22

G 0.61

B. CONTROL SPIKES

1. Use Working Calibration Standard A as the control spike

solution.

2. Weigh out 20.0 g of soil into a 50-ml centrifuge tube.

3. Pipet a known amount of the control spike solution

(dissolved in a sufficient volume of HPLC-grade water to

just wet the soil) into the centrifuge tube. The quantity

spiked should be selected to provide a concentration of 0.5

to 10.0 times the detection limit.

Volume of Control Concentration of Spiked
Spike Solution (ml) Soil (ug/L)

0.05 0.61

0.10 1.22

0.20 2.44

0.50 6.1

1.00 12.2

4. Shake the sample to mix and let set 1 hour to air dry.

5. PROCEDURE

A. SANPIE PREPARATION

1. Let soil sample air dry on dull side of aluminum foil until

it can be sieved through a 30-mesh sieve.

5
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2. Sample the sieved soil by quartering and place 20.0 g into a

50-ml centrifuge tube.

B. EXTRACTION

1. Add 35 ml of HPLC-grade water to tho centrifuge tube and mix

thoroughly by shaking for 3 minutes. Centrifuge the sample

at approximately 3,000 rpm for 15 minutes, and decant the

water layer into a 250-ml separatory funnel.

2. Repeat Step 1 twice more and combine the extracts.

3. Adjust the pH of the water extracts to 3 with 85% phosphoric

acid.

4. Extract the water extracts sequentially with three 80-ml

portions of methylene chloride using 2-minute shake times

and 10-minute separation times.

5. Pass the methylene chloride extracts through a glass funnel

containing approximately 20 g of acid-washed sodium sulfate

and an acid-washed glass wool plug. Collect the extracts in

an acid-washed K-D apparatus with a 10-ml receiver. Rinse

the sodium sulfate with approximately 20 ml of methylene

chloride. Add a Teflon@ boiling chip to the extract, and

attach a three-ball Snyder column to the apparatus.

6. Concentrate the methylene chloride extract by placing the

K-D apparatus in an 80*C water bath, immersing the receiver

nearly up to the joint. The balls in the Snyder column

should chatter actively at the proper evaporation rate.

7. Let the apparent volume of extract in the receiver decrease

to approximately 2 ml, then remove the receiver from the

bath and let cool. Detach the receiver from the K-D

apparatus and add methylene chloride to raise the volume to

approximately 5 ml.

8. Attach a Florisil@ Sep-Pak* to a 5-ml syringe and transfer

the extract into the syringe. Pass the entire extract

through the Sep-PakO at a rate of approximately 5 ml/min and

discard the eluate. Rinse the receiver with an additional

6
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I ml of methylene chloride, pass the rinses through the

Sep-Pak@, and discard the eluate.

9. Elute the analyte from the Sep-Pak9 with 5 ml of 5% methanol

in methylene chloride and collect in the original receiver.

10. Add approximately 2 ml of methanol and a fresh Teflon'

boiling chip to the receiver and attach the two-ball micro-

Snyder column. Concentrate to approximately 2 ml on a 90"C

water bath. Repeat the concentration by adding 10 ml of

methanol and reconcentrating to approximately 2 ml. Repeat

this process once more by adding 10 ml of methanol and

reducing the volume to less than 2.0 ml.

11. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-ml graduated centrifuge tube, rinsing

the receiver with 2-ml of HPLC-grade water. Add two drops

of 85% phosphoric acid and raise the extract volume to

exactly 10.0 ml in the centrifuge tube with HPLC-grade

water.

12. Transfer a portion of the sample to a 2-ml septum-sealed

vial for storage at 4*C. The extract is now ready for HPLC

analysis.

B. ANALYSIS

I. Inject 250 ul of the extract onto the HPLC column.

2. Perform the analysis of the sample using the conditions

given in Section 3(B).

3. Measure the response of the 35DNP peak.

6. CALCULATIONS

A. Prepare a standard curve of concentration (ug/ml) of standard

versus peak area counts.

B. Determine the concentration of 35DNP according to the following

formula:

(A)(Vt)
Concentration (ug/g) =  Ws)

7
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where: A - Concentration (ug/mi) of analyte found in the

sample extract by comparison with the appropriate

standard curve,

Vt -Volume of total extract (ml), and

Ws-Weight of initial sample extracted (g).

7. REFERENCES

None found.

8. DATA

See attached data sheets.L

8
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Chromatogra of an Extract of a Natural Soil Sample

Spiked with 35DNP at 1.2 ug/g
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3t5 i'LNTROFhNOLSTD.SOIL(UG/G)

TARGET DAY
CCNCENTRATICV 1 2 34

3,oc00 00000 000000 0.0000 0.0000

0.610 0.410 0.350 0.0800 00380

1.22 0.740 0.730 0.800 102

2e44 1.92 2.21 1.94 2.35

6.10 4.50 4.75 5.20 6.00

12.2 9.75 8.35 9.39 9.40

--------------------------------------------------- I

TARGET AVERAGE STANDARD PERCENT PERCENT
CCNCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

OcccO 0.0000 0.0000 0.0000 0.0000

0.10 0,305 0.152 49.8 -50.0000

1.22 0-822 0.135 16&4 -32,5820

2.44 2.11 0.226 10.7 -13.3197

6.13 5.11 0.659 12.9 -16.1b85

12&2 9.22 0.605 6.56 -2494057

10



395 CINITROPHENCLgNAl.SOIL(UG/G)

TARGET DAY
C0INCENTRATICIN 1 2 3 4

clocoo 0.0000 0.0000 0.0000 0*0090

0.610 0.340 0.230 0.340 0.330

1.22 0.890 0.650 1.08 1.22

2.44 1.59 el 852.70

6.10 4.87 4.70 5.10 5.71

12.2 9.89 9.65 10.1 8.60

------------------------------------ ------- --------------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 040000 0.0000 0.0000 0.0000

0.610 0,310 0.0535 17.3 -49.1803

1.22 Oe6 0,247 25.7 -2193115

2o44 1.96 00503 25.6 -19.5697

6.10 5.09 0.442 8.67 -16e4754

12.2 9.o55 0.655 6.86 -21.7213

--m m-m m- -- m -- - - --- -- m- m - -- --- ----1
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1'
j 35DNA IN WATER SAMPIES

1. APPLICATIONLThis method is applicable to the quantitative analysis of environmental
water samples for 35DNA.1.

A. TESTED CONCENTRATION RANGE

The tested concentration range in natural and standard water is

0.58 to 11.7 ug/L.

I-
B. SENSITIVITY

The normalized response (integrator counts) at the natural water

detection limit designated in Section 1(C) is listed below:

Analyte Integrator Counts Nanograms

35DNA 89,900 342

The normalized response (integrator counts) at the standard

water detection limit designated in Section 1(C) is listed

below:

Analyte Integrator Counts Nanograms

35DNA 31,300 120

C. DETECTION LIMIT

The detection limit in natural water calculated according to

Rubaux and Vos (1970), is 3.0 ug/L. The detection limit in

standard water is 1.1 ug/L.

D. INTERF RENCES

This method may be subject to interferences from nonvolatile

basic and neutral organic compounds which absorb light at

395 um and are extractable from water vith methylene chloride.

Interferences are minimized by Florisil* Sep-PakO cleanup.

I1
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E. ANALYSIS RATE

After instrument calibration, one analyst can analyze

20 extracts in an 8-hour day. One analyst can perform

approximately eight extractions in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAs)
REGISTRY NUMBER

CAS Registry
Analyte Alternate Nomenclature Number

35DIA 3,5-dinitroanilino, 618-87-1

l-smino-3,5-dinitrobenzene

B. PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Acid
Melting Dissociation

Analyte Formula Point (C) Constant

35DNA C6 N0 4 N3  160-162 pka w 0.23

Chemical Structure

NH2

02N ( N02

C. CHEMICAL REACTIONS

35DWA reacts as a weak base.

3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 dual-pump liquid chromatograph equipped with a

Perkin-Elmer LC-75 variable-wavelength detector interfaced to a

Spectra Physics del1'4LOO computing integrator.

2
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L.

B. HPLC INSTRUMENTAL PARAMETERS

1. Detector: Perkin-Elmer LC-75 variable-wavelength detector
V ( A - 395 nm)

2. Column: Ultrasphere ODS (4.6-mm ID x 25 cm

Particle size: 5 um

3. Flow Rate/Mobile Phase: 1 ml/min

30% water/701 methanol

4. Temperature: 25C

5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 5.6 minutes

j C. HARDWARE/GLASSWARE

I. 1-L glass separatory funnels with stoppers (8);

2. Short-stemmed glass funnels (8);

3. 500-ml K-D evaporative flasks (8);

4. 25-al graduated K-D receivers (8);

5. 3-ball Snyder columns (8);

6. 2-ball micro-Snyder columns (8);

7. 10-ml graduated centrifuge tubes (8);

8. 5-ml glass syringes with Luer-lock attachments(8);

9. I-L graduated cylinders (8); and

10. 100-ml graduated cylinder (1).

D. CHEMICALS

1. Nanograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. HPLC-grade water--J.T. Baker Company;

4. Anhydrous sodium sulfate, reagent grade;

5. Glass wool;

6. TeflonO boiling chips;

[ 7. FlorisilO Sep-PaksO--Waters Associates;

1.
[i3
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8. 6N sodium hydroxide--weigh out 240 g of reagent-grade N&OH

pellets and dissolve in I L of HPLC-grade water; and

9. ColorpHast* pH indicator sticks--MC/B Manufacturing

Chemists, Inc.

4. STANDARDS

A. CALIBRATION STANDARDS

1. The 35DNA stock calibration standard (1.05 mg/ml) is L.
prepared by weighing 10.5 mg of 35DRA into a 10-ml

volumetric flask, dissolving the 35DNA in a few ml of

methanol, and diluting with methanol to the mark.

2. Prepare a series of working calibration standards by making JJ
dilutions of the stock calibration standard. Dilute with

50Z methanol/50% water as follows:

Working Volume
Calibration Standard of Standard Final

Standard Diluted Used (ml) Volume (ml) U
A Stock Calibration 1 100

Standard

B Standard A 5 10

C Standard A 1 10

D Standard A 2 25

E Standard A 1 25

F Standard A 1 50

Working
Calibration

Standard Concentration (ug/ml)

A 10.5
B 5.25

C 1.05

D 0.84

2 0.42

7 0.21

4
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B. CONTROL SPIKES

1. Use Working Calibration Standard A as the control spike

solution.

2. Measure 900 ml of water into a 1-L separatory funnel.

3. Pipet a known amount of the control spike solution into the

900-ml sample. The quantity spiked should be selected to

provide a concentration of 0.5 to 10.0 times the detection

limit.

Spike Volume Concentration of Spiked
(ml) Water (ug/L)

0.05 0.58

0.10 1.17

0.20 2.33

0.50 5.83

1.00 11.67

4. Shake the sample to assure a homogeneous mixture before

extract ion.

5. PROCEDURE

A. EXTRACTION

1. Measure 900 ml of sample to be analyzed and pour into a

1-L separatory funnel.

2. Adjust the sample pH to 12 with 6N NaOH (approximately

3 ml).

3. Extract the sample sequentially with three 100-al portions

of methylene chloride using 2-minute shake times and

10-minute separation times. Centrifuge or sonicate to

1separate any resulting emulsions.
4. Pass the extracts through a glass funnel containing

approximately 20 g of sodium sulfate and a glass wool plug.

Collect the extracts in a K-D apparatus equipped with a

10-ml receiver. Rinse the sodium sulfate with approximately

r5
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20 ml of methylene chloride. Add a Teflon0 boiling chip to

the extract, and attach a three-ball Snyder column to the

apparatus.

5. Concentrate the methylene chloride extract by placing the

K-D apparatus in an 80C water bath, immersing the receiver

nearly up to the joint. The balls should chatter actively

at the proper evaporation rate.

6. Let the apparent volume of extract decrease to approximately

2 ml, then remove from the bath, and let cool. Remove the

receiver from the K-D apparatus and add methylene chloride

to raise the volume to approximately 5 ml.

7. Attach a Florisil* Sep-Paks to a 5-ml syringe and transfer

the extract into the syringe. Pass the entire extract

through the Sep-Pak* at a rate of approximately 5 ml/min and

discard the eluate. Rinse the receiver with an additional

I ml of methylen% chloride, pass the rinses through the 71

Sep-Pak*, and discard the eluate.

8. Elute the analyte from the Sep-Pak with 5 ml of 5% methanol

in methyl-ne chloride and collect in the original receiver.

9. Add approximately 2 ml of methanol and a fresh Teflon*

boiling chip to the receiver, and attach the two-ball micro-

Snyder column. Concentrate to approximately 2 ml on a 90C

water bath. Add an additional 10 ml of methanol and

reconcentrate to approximately 2 ml. Repeat this process

once more by adding 10 ml of methanol and concentrating to a

volume of approximately 0.5 ml.

10. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-ml graduated centrifuge tube, rinsing

the receiver quantitatively with 0.5 ml of HPLC-grade water.

Raise the extract volume to exactly 2.0 ml in the centrifuge

tube with HPLC-grade water.

11. Transfer to a 2-al septum-sealed vial for storage at 4C.

12. The extract is now ready for EPLC analysis.
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C. ANALYSIS

1. Inject 250 ul of the extract onto the HPLC column.

2. Perform the analysis of the sample using the conditions

given in Section 3(B).

3. Measure the response of the 35DNA peak.

6. CALCULATIONS

A. Prepare a standard curve of concentration (ug/ml) of standard

versus peak area counts.

R. Determine the concentration of 35DNA according to the following

formula:

(A)(Vt)
Concentration (ug/L) Vs

where: A - Concentration (ug/ml) of analyte found in the

sample by comparison with the appropriate standard

curve,

Vt - Volume of total extract (ml), and

V s - Volume of initial sample extracted (L).

7. REFERENCES

None found.

8. DATA

See attached data sheets.
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-. 35DNA IN SOIL SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of environmental

soil samples for 35DNA.

A. TESTED CONCENTRATION RANGE

1. The tested concentration range in natural and standard soil is

0.525 to 10.5 ug/g.

B. SENSITIVITY

The normalized response (integrator counts) at the natural soil

detection limit designated in Section 1(C) is listed below:

Analyte Integrator Counts Nanograms

35DNA 167,078 550

The normalized response (integrator counts) at the standard

soil detection limit designated in Section I(C) is listed

below:

Analyte Integrator Counts Nanograms

35DNA 79,742 263

C. DETECTION LIMIT

The detection limit in natural soil, calculated according to

Hubaux and Vos (1970), is 1.1 ug/g. The detection limit in

standard soil is 0.53 ug/g.

D. INTEREENCES

This method may be subject to interferences from nonvolatile,

water soluble organic compounds which absorb light at

Ii 395 nm and are extractable from water with mthylene chloride.

Interferences are minimized by FlorisilO Sep-Pak* cleanup.[
F
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Z. ANALYSIS RATE

After instrument calibration, one analyst can analyze

20 extracts in an 8-hour day. One analyst can perform

approximately six extractions in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE ?IONENCL&TURE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

CAS Registry
Analyte Alternate Nomenclature Number

35DNA 3,5-dinitroaniline, 618-87-1

1 -aina-3 ,5-dinit robenzene

3, 5-dinit robenzenamine

B.* PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTE

Acid
Melting Dissociation

Analyte Formula Point (00 Constant

35DNA C0150013  160-162 pka a 0.23

Chemical Structure

0210 _& 02

C. CHEMICAL REACTION$

35DIIA reacts as a weak base.

3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 dIual-pump liquid chromatograph equipped with a

Perkin-Elmer LC-75 variab 1.-wavelength detector interfaced to a

Spectra Physics Model 4100 computing integrator.

2
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B. HPLC INSTRUMENTAL PARAMETERS

1. Detector: Perkin-Elmer LC-75 variable-wavelength detector

( -=395 na)

2. Column: Ultrasphere ODS (4.6-am ID x 25 cm)

Particle size: 5 us

3. Flow Rate/Mobile Phase: 1 ml/min

30% water/70% methanol

4. Temperature: 25"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 5.6 minutes
i.

C. HARDWARE/GLASSWARE

* 1. 250-ml glass separatory funnels with stoppers (6);

2. Short-stewmed glass funnels (6);

3. 500-ml K-D evaporative flasks (6);

4. l0-ml graduated K-D receivers (6);

5. 3-ball Snyder columns (6);

6. 2-ball micro-Snyder columns (6);

7. 10-al graduated centrifuge tubes (6);

8. 5-al glass syringes with Luer-lock attachments (6);

9. 50-ml centrifuge tubes with Teflon*-lined screw caps; and

10. 100-ml graduated cylinder (1).

D. CHEMICAlS

1. Nanograde methylene chloride;

2. HPLC-grade methyl alcohol--J.T. Baker Company;

3. HPLC-grade water--J.T. Baker Company;

4. Anhydrous sodium sulfate, reagent grade;

5. Glass wool;

6. Teflon* boiling chips;

7. Florisilo Sep-Paks*--Waters Associates;

3
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4. STANDARDS

A, CALIBRATION STANDARDS

1. The.35DNA stock calibration standard (1.05 mg/ml) is

prepared by weighing 10.5 mg of 35DNA into a 10-ml

volumetric flask, dissolving the 35DNA in a few ml of

methanol, and diluting with methanol to the mark.

2. Prepare a series of working calibration standards by making

dilutions of the stock calibration standard. Dilute with

50% methanol/50Z water as follows:

Working Volume
Calibration Standard of Standard Final

Standard Diluted Used (ml) Volume (ml)

A Stock Calibration 5 25

Standard

B Standard A 1 10

C Standard A 0.5 10

D Standard A 0.2 10

E Standard A 0.1 10

F Standard A 0.05 10

G Standard D 1 10

Working
Cal ibrat ion

Standard Concentration (ug/ml)

A 210

B 21.0

C 10.5

D 4.2

! 2.1

F 1.05

G 0.42

4
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B. CONTROL SPIKES

1. Use Working Calibration Standard A as the control spike

solution.

2. Weigh out 20.0 g of soil into a 50-ml centrifuge tube.

3. Pipet a known amount of the control spike solution

(dissolved in a sufficient volume of HPLC-grade water to

just wet the soil) into the centrifuge tube. The quantity

spiked should be selected to provide a concentration of 0.5

to 10.0 times the detection limit.

Volume of Control Concentration of Spiked

Spike Solution (ml) Water (ug/L)

0.05 0.525

0.10 1.05

0.20 2.10

0.50 5.25

1.00 10.5

4. Shake the sample to mix and let air dry for 1 hour.

5. PROCEDURE

A. SAMPLE PREPARATION

1. let soil sample air dry on dull side of aluminum foil until

it can be sieved through a 30-mesh sieve.

2. Sample the soil by quartering and place 20.0 g into a 50-ml

centrifuge tube.

B. EXTRACTION

1. Add 35 ml of HPLC-grade water to the centrifuge tube and

shake for 3 minutes. Centrifuge the sample at approximately

3,000 rpm for 15 minutes and decant the water layer into a

250-al separatory funnel.

2. Repeat Step I twice more and combine the extracts.

3. Extract the water extracts sequentially with three 80-ml

portions of methylene chloride using 2-minute shake time

5
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and 10-minute separation times. Centrifuge to separate any

resulting emulsions.

4. Pass the methylene chloride extracts through a glass funnel

containing approximately 20 g of sodium sulfate and a glass

wool plug. Collect the extracts in a K-D apparatus equipped

with a 10-al receiver. Rinse the sodium sulfate with

approximately 20 ml of methylene chloride. Add a Teflon*

boiling chip to the extract, and attach a three-ball Snyder

column to the apparatus.

5. Concentrate the mthylene chloride extract by placing the

K-D apparatus in an 80"C water bath, immersing the receiver

nearly up to the joint. The balls should chatter actively

at the proper evaporation rate.

6. Let the apparent volume of extract decrease to approximately

2 =l, then remove from the bath, and let cool. Remove the

receiver from the K-D apparatus and add methylene chloride

to raise the volume to approximately 5 ml.

7. Attach a Florisil@ Sep-Pak* to a 5-ml syringe and transfer

the extract into the syringe. Pass the entire extract

through the Sep-Pak* at a rate of approximately 5 al/min and

discard the eluate. Rinse the receiver with an additional

I ml of methylene chloride, pass the rinses through the

Sep-PakO, and discard the eluate.

8. Elute the analyte from the Sep-Pak* with 5 ml of 52 methanol

in methylene chloride and collect in the original receiver.

9. Add approximately 2 ml of methanol and a fresh Teflon*

boiling chip to the receiver, and attach the two-ball micro-

Snyder column. Concentrate to approximately 2 ml on a 90C

water bath. Add an additional 10 ml of methanol and

reconcentrate to approximately 2 ml. Repeat this process

once more by adding 10 ml of methanol and concentrating to a

volume of approximately 2.0 ml.

10. Detach the micro-Snyder column from the receiver. Transfer

the extract into a 10-ml graduated centrifuge tube, rinsing

6
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the receiver quantitatively with 2.0 ml of HPLC-grade water'.

Raise the extract volume to exactly 10.0 ml in the

centrifuge tube with HPLC-grade water.

11. Transfer to a 2-ul septum-sealed vial for storage at 4*C.

12. The extract is nov ready for HPLC analysis.

B. ANALYSIS

1. Inject 250 ul of the extract onto the .PLC column.

2. Perform the analysis of the sample using the conditions

given in Section 3(B).

3. Measure the response of the 35DNA peak.

6. CALCU/ATIONS

A. Prepare a standard curve of concentration (ug/ml) of standard

versus peak area counts.

B. Determine the concentration of 35DNA according to the following

formula:

(A)(Vt)
Concentration (ug/g) - We

where: A - Concentration (ug/ml) of analyte found in the

sample extract by comparison with the appropriate

standard curve,

Vt a Volume of total extract (ml), and

Ws aWeight of initial sample extracted (g).

7.* REFERENCES

None found.

1 8S. DATA

See attached data sheets.
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Chromatogram of the Extract of a Natural Soil Sample
Spiked with 35DNA at 2.1 ug/g



3.5 DINITROANILINESTD.SOIL(UG/G)

TARGET DAY
CONCENTRATION 1 2 3 4
--------- ---------------------------------------------------

O.00G0 0.0000 0.0000 0.0000 0.0000

0.525 09380 0*360 00410 0.380

1.05 1.01 00880 00830 0.840

2*10 1.72 1.67 1.61 1.57

5-25 4.75 4.69 4.95 4.61

10.5 9.31 9.26 9e05 9.23

----- ------------------------------------- ---------------------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
----- ----------------------------------------------------------

0,0000 0.0000 0.0000 000000 000000

0.525 0.382 0.0206 5.39 -27.1429

I.05 U,890 0.0829 9.31 -15,2381

2.10 1.64 0.0660 4.02 -21.7857

5.25 4.75 0.145 3.06 -9.5238

10.5 9.21 0.113 1.23 -12,2619

9



395 DINITROANILINEiNAT*SOIL(UG/G)
---- -------------------------------------------------------------

TARGET DAY
CONCENTRATION 1 2 34

0.0;30 00000 0.0000 0.0000 0.0000

0.530 0.290 0.270 0.220 0.430

1.05 0.690 0.800 0.850 0.920

2.31.51 1.31 1.91 1.63

5.25 4.34 4.32 4.52 5.04

10.5 9.55 9.18 9.12 10.3
---------------------------------------------------------- e

TARGET AVERAGE STANDARD PERCENT PERCENT

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0,0000 0.0000 0.0000 060000 0.0000

0.530 0.302 0.0900 29.7 -42o9245

1.05 0.815 0*0968 11.9 -22.3810

2,1C 1.59 0.250 15.7 -24.2262

5.25 4.55 0.336 7.37 -13.2381

10.5 9e54 0o552 5.79 -901191

10
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I.

TDGCL IN WATER SAMPLES

I. APPLICATION

This method is applicablei to the quantitative analysis of environmental

water samples for TDGCL.

A. TESTED CONCENTRATION RANGE

1. The tested concentration range in natural water is 40 to

800 ug/L.

B. SENSITIVITY

The normalized response (peak height in mm times attenuation) at

the detection limit designated in Section 1(C) is 4,736 -m for

2,975 ng of TDGCL.

C. DETECTION LIMIT

The detection limit in natural water, calculated according to

Rubaux and Vos (1970), is 119 ug/L.

D. INTERFERENCES

This method may be subject to interferences from highly water-

soluble compounds which absorb light at 215 na. Because of the

polarity of glycols, it is not possible to concentrate then

I quantitatively by solvent extraction; therefore, their

determination must be carried out in the aqueous phase. TDGCL

Ii is concentrated by boiling off the water taking advantage of

its high boiling point (165"C). A cleanup of the sample is

acheived by column chromatography on Amberlite* XAD-7 resin

which removes some of the UV-absorbing interferents occuring in

natural surface waters. These interferents have not been

Ii observed in ground waters examined and seem to be generated by

hydrolysis of high molecular weight substances (possibly humic

j and fulvic acids) occurring in surface waters.
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E. ANALYSIS RATE

After instrument calibration, one analyst can analyze

6 extracts in an 8-hour day. One analyst can perform

6 extractions and boildowns in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

CAS Registry
Analyte Alternate Nomenclature Number

TDGCL 2, 2'-Thiodiethanol 111-48-8L

Big (b-hydroxyethyl)

Sulfide

B.* PHYS ICAL AND CHEMICAL PROPERTIES j
Melting Boiling Density

Analyte Formula Point (*C) Point (*C) (1/21)

TDGCL C4H1O02S -10 165 1.1819

C. CHEMICAL REACTIONS

None found.

.3.* APPARATUS

A. INSTRUMENTATION

Altex Model 322 gradient liquid chromatograph (HPLC) equipped

with a Perkin-Elmer LC-75 variable-wavelength, UV-viaible

detector and interfaced to a Spectra Physics Model 4100

computing integrator.

B. * PLC PARAMETERS

1. Detector: Perkin-Elmer LC-75 variable-wavelength detector

( -215 am)

2. Column: Tltrasphere ODS (4.6-n. ID x 25 cm)

Particle Size: 5 us

2
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3. Flow Rate and Mobile Phase: 1 ml/min of phosphate buffer

solution, pH = 3.0

4. Temperature: 22"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 11.8 minutes

C. HARDWARE/GLASSWARE

1. 1,000-ml separatory funnel (TeflonO or glass) (6);

2. 600-mi beaker (6);

3. 10-cm diameter watch glass (6);

4. 50-ml beaker (6); and

5. 10-mi graduated centrifuge tubes (6).

D. CHEMICALS AND REAGENTS

1. Nanograde methylene chloride--J.T. Baker Company;

2. HPLC-grade acetonitrile--J.T. Baker Company;

3. HPLC-grade vater--J.T. Baker Company;

4. 6N sodium hydroxide;

5. 6N sulfuric acid; and

6. Phosphate buffer--5 g of NH4H 2PO4 and I 1l of 85% H3PO4

in HPLC-grade water (pH - 3.0).

4. STANDARDS

A. CALIBRATION STANDARDS

1. Prepare a stock calibration standard (10 mg/ml) by weighing

out 100 mg of TDGCL into a single 10-ml volumetric flask and

diluting to volume with HPLC-grade water. Wrap the flask in

foil and store at 4C.

2. Prepare a dilute stock calibration standard by pipetting

I ml of the stock calibration standard into a 50-ml

volumetric flask and diluting to volume with HPLC-grade

water.

[.3
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3. Prepare the working calibration standards by making

dilutions of the dilute stock calibration standard using the

appropriate volumetric flasks and HPLC-grade water as

follows:

Working Volume of
Calibration Concentration Dilute Stock Final
Standard (us/=1) Taken (ml) Volume (ml)

B 4.0 1 50

C 8.0 2 50

D 16 4 50

E 40 10 50

F 80 20 50

B. CONTROL SPIKES

1. Prepare the stock control spike standard by weighing 100 .g

of TDGCL, transferring to a 10-ml volumetric flask, and

diluting to volume with HPLC-grade water.

2. Prepare the working control spike standard by pipetting 2 ml

of the stock control spike standard into a 100-mi volumetric

flask and diluting to volume with HPLC-grade water.

3. Pipet known amounts of the working control spike standard

into standard water. The quantity spiked should be selected

to provide a concentration range of 0.5 to 10 times the

detection limit.

4. Determine the accuracy and detection limit by pipetting the

following amounts of the working control spike standard into

500 ml of standard water and analyzing according to the

procedure outlined in Section 5:

Volume of Working Concentration
Control Spike of TDGCL

Standard Spiked (ml) (u&/L)

0 0

0.100 40

0.200 80

0.400 160

1.00 400

2.00 800

4
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5. PROCEDURE

A. BOILDOWN AND COLUMN CLEANUP

i. It is important that the following procedures be performed

in one 8-hour day.

2. Measure 500 ml of the water sample into a l-L beaker.

3. Add a boiling chip (TeflonO ) and concentrate the sample by

boiling the water on a hot plate to a volume of 50 ml. The

boildown time should be as rapid as possible and should not

exceed 2.5 hours.

4. Adjust the pH of the sample to 3 and transfer the sample to

a column (20 ca x 1 ca) packed with mberliteO XAD-7 resin.

The resin is prepared by shaking 50 g of resin with 100 ml

of methanol for 15 minutes on a wrist-action shaker. The

methanol is decanted, and the operation is repeated sequen-

tially with three 100-ul portions of methanol followed by

four 100-ml portions of HPLC-grade water. The column is

slurry packed in water. The column flow rate is controlled

at a rate of I ml/min, and the eluate is collected in a

250-ml beaker. The column is rinsed with 50 ml of HPLC-

grade water into the same beaker to give a total volume of

approximately 100 ml.

5. The volume of the solution is further reduced by boiling to

less than 25 ml, and then quantitatively transferred with

rinsing into a 50-ul beaker.

6. The volume of the solution is then reduced to less than 5 ml

by boiling on a hot plate.

7. Transfer the solution into a 10-ml graduated centrifuge

tube, rinsing quantitatively with HPLC-grade water. Dilute

to the 5 ml mark with HPLC-grade water.

8. Filter the sample through a 0.45-un filter and transfer to a

5-ml amber, septum-sealed vial for storage at 4"C.

9. The solution is now ready for chromatography by HPLC.

5
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B. CALIBRATION

1. Inject the Working Calibration Standards B, C, D, E, and F

and a blank singly at the beginning of the analytical run.

Inject the Working Calibration Standard D at the conclusion

of the analytical run to verify constant instrument

response.

2. Plot the normalized peak heights versus nanograms injected

of each standard to obtain a working curve.

C. ANALYSIS

1. Inject 250 ul of the extract onto the EPLC column.

2. Perform the analysis of the sample according to the

conditions given in Section 3(B).

3. Measure the response of the sample for the component of

interest.

6. CALCULATIONS

Determine the concentration of TDGCL according to the following

formula:

Concentration (ug/g) - (&)(Vt)

where: A - Nanograms of TDGCL found in the sample by comparison

with the appropriate standard curve,

Vt - Final volume of solution (ml),

V5 = Volume of initial sample extracted (al), and

Vi - Volume injected (ml).

7. REFERENCES

None found.

8. DATA

See attached data sheets.
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THIODIGLYCOLtNATukAL WATER(UG/L)

TARGET DAY
CONCENTRATION 1 2 3 4

C.ooOO 29.4 C00000 26.5 C,0000

40.0 52.3 33.9 65.4 40.0

80.0 56.9 55.6 69.8 61.4

160 lie 118 129 95.7

400 309 286 296 236

800 585 520 517 492

TARGET AVERAGE STANDARD PERCENT PERCENT
CGNCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

o.o0o 14.0 16.2 '116 0.0000

40.0 47,9 14.0 29.1 19.7

6u6.*4 2 1 c05 -23.843E

16C 114 13.9 12o2 -28.9531

4CC e2 31.9 11.3 -29.5625

ecc 529 39.7 7.51 -3399375

8
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TDGCL IN NATURAL SOIL SAMPLES

1. APPLICATION

This method is applicable to the quantitative analysis of

environmental soil and sediment samples for TDGCL.

A. TESTED CONCENTRATION RANGE

The tested concentration range in natural soil is I to 20 ug/g.

B. SENSITIVITY

The normalized response (peak height in -m x attenuation) at the

natural soil detection limit is 1,056 -m for 1.02 ug of TDGCL.

C. DETECTION LIMIT

The detection limit in natural soil, calculated according to

Hubaux and Vos (1970), is 2.2 ug/g.

D. INTERFERENCES

This method may be subject to interferences from highly water-

soluble compounds which absorb light at 215 nm. Because of the

polarity of the glycols, it is not possible to extract them from

soil quantitatively by organic solvent extraction; therefore,

their determination is performed by extraction of the soil with

water. TDGCL is concentrated by evaporation of the water by

boiling, taking advantage of its high boiling point of 165"C.

A cleanup of the sample is achieved by column chromatography of

the acidified aqueous extract on Amberlite* XAD-7 resin.

Partial sample cleanup is also achieved by using an acidic

aqueous extraction; only highly water-soluble substances will be

extracted. After column chromatography, the water is

neutralized and boildown proceeds.

1
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E. ANALYSIS RATE

After instrument calibration, one analyst can analyze 8 extracts

in an 8-hour day. One analyst can perform 8 extractions and

boildowns in an 8-hour day.

2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAS)
REGISTRY NUMBER

Alternate CAS Registry

Analyte Nomenclature Number

TDGCL 2,2'-Thiodiethanol 111-48-8

Bis (B-hydroxyethyl)
Sulfide

B. PHYSICAL AND CHEMICAL PROPERTIES

Melting Boiling Density
Analyte Formula Point (C) Point (°C) (g/ml)

TDGCL C4H1oO2S -10 165 1.1819

C. CHEMICAL REACTIONS

None.

3. APPARATUS

A. INSTRUMENTATION

Altex Model 322 gradient liquid chromatograph (HPLC) equipped

with a Perkin-Elmer LC-75 variable-wavelength UV-visible

detector and interfaced to a Spectra Physics Model 4100

computing integrator.

B. HPLC PARAMETERS

1. Detector: Perkin-Elmer LC-75 variable-wavelength detector

( X - 215 nm)

2
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2. Column: Ultrasphere ODS (4.6-n ID x 25 cm)

Particle Size: 5 ur

3. Flow Rate and Mobile Phase: I ml/min phosphate buffer

solution

4. Temperature: 22"C

5. Injection Volume: 250 ul, fixed loop

6. Retention Time: 12.5 minutes

C. HARDWARE/GLASSWARE

1. 250-ml Erlenumeyer flasks with screw caps (8);

2. 600-ml beakers (8);

3. 10-cu-diameter watch glasses (8);

4. 50-ml beakers (8);

5. 10-ml graduated centrifuge tubes (8);

6. Burrell Model 75 wrist-action shaker (1); and

7. Glass chromatography columns (20 cm x 1-cm ID) (8).

D. CHEMICALS AND REAGENTS

1. HPLC-grade water--J.T. Baker Company;

2. 6N sodium hydroxide;

3. 6N sulfuric acid; and

4. Phosphate buffer-5.75 £ of NH4H2PO4 and 1 ml of 85%

H3PO4 in I L of HPLC-grade water (pH - 3.0).

4. STANDARDS

A. CALIBRATION STANDARDS

1. Prepare a stock calibration standard (10.13 mg/mi) by

weighing out 101.3 mg of TDGCL into a single 10-mi

volumetric flask and diluting to volme with HPLC-grade

water. Wrap the flask in foil and store at 4*C.

2. Prepare a dilute stock calibration standard by pipetting

1 ml of the stock calibration standard into a 50-ml

volumetric flask and diluting to volume with iPLC-grad*

water.
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3. Prepare the working calibration standards by making

dilutions of the dilute stock calibration standard using the

appropriate volumetric flasks and HPLC-grade water as

follows:

Working Volume of
Calibration Dilute Stock Final Concentration
Standard Used (ml) Volume (ml) (usg/L)

B 0.5 50 2.03

C 1 50 4.05

D 2 50 8.10

E 5 30 20.3

F 10 50 40.5

B. CONTROL SPIKES

1. Prepare the stock control spike standard (10.13 mg/at) by

weighing 101.3 mg of TDGCL, transferring to a 10-ml

volumetric flask, and diluting to volume with HPLC-grade

water.

2. Prepare the working control spike standard by pipetting

1 ml of the stock control spike standard into a 50-ml

volumetric flask and diluting to volume with HPLC-grade

water.

3. Pipet known amounts of the working control spike standard

into standard soil. The quantity spiked should be selected

to provide a concentration range of 0.5 to 10 times the

detection limit.

4. Determine the accuracy and detection limit by pipetting the

following amounts of the working control spike standard into

10 g of soil and analyzing according to the procedure

outlined in Section 5:
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Volume of Working Concentration
Control Spike of TDGCL

Standard Spiked (ml) (us/g)

0 0

0.05 1.0

0.1 2.0

0.2 4.0

0.5 10

1.0 20

5. PROCEDURE

A. SAMPLE PREPARATION

1. The soil sample should be air dried on the dull side of

aluminum foil and then sieved through a 30-mesh sieve.

B. EXTRACTION

1. It is important that the following procedures be performed

in one 8-hour day.

2. Measure 10 g of sieved, dried soil or wet sediment into a

tared 250-ul centrifuge tube with screw cap.

3. Add 50 ml of HPLC-grade water and adjust the pH to 3 using

6N H2SO4 .

4. Cap the tube, shake vigorously by hand for 5 minutes, and

centrifuge at 2,250 rpm for 15 minutes.

5. The supernatant liquor is decanted and collected in a 250-al

beaker.

6. Step 5 is repeated twice. After collecting all supernatant

water, the pH is adjusted to 3 using 6N H2 SO4.

7. Quantitatively transfer contents of the 250-ml beaker to a

glass column (20 cm x 1-cu ID) packed with hmberlite* XAD-7

resin. (The resin is previously prepared by shaking

50 g of the resin with 100 ml of methanol for 15 minutes on

a wrist-action shaker. The methanol is decanted, and the

operation is repeated sequentially with three 100-ml

portions of methanol followed by four 100-ml portions of

I5
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HPLC-grade water. The column is slurry-packed in water.

The resin must be cleaned after each sample and may be

reused a total of three times.) Pass the sample through the

column at maximum flow (approximately 4 ml/min), and collect

in a 300-ml beaker. The column is rinsed and eluted to

dryness with 50 ml of HPLC-grade water into the same beaker

to give a total volume of approximately 250 ml.

8. Add a Teflons boiling chip, reduce the volume of the water

to less than 25 ml by boiling on a hot plate, and

quantitatively transfer the solution into a 50-al beaker.

9. Reduce the volume of the solution to less than 5 ml by

boiling on a hot plate.

10. Transfer the solution into a 10-al graduated centrifuge

tube, rinsing quantitatively with HPLC-grade water, and

dilute to the 5-ml mark with the same water.

11. Filter the sample through a 0.45-um filter, and transfer to

a 5-ml, amber, septum-sealed vial for storage at 4"C.

12. The solution is now ready for HPLC analysis.

C. CALIBRATION

1. Inject Working Calibration Standards B, C, D, E, and F and a

blank singly at the beginning of the analytical run. Inject

Working Calibration Standard D at the conclusion of the

analytical run to verify constant instrument response.

2. Plot the normalized integrator response versus ng/ul of each

standard to obtain a working curve.

D. ANALYSIS

1. Inject 250 ul of the extract onto the RPLC column.

2. Perform the analysis of the sample according to the

conditions given in Section 3(0).

3. Measure the response of the sample for the TDGCL peak.
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6. CALCULATIONS

Determine the concentration of TDGCL according to the following

formula:

Concentration (ug/g) - (A)(Vt)

where: A - Weight of TDGCL found in the sample by comparison with

the appropriate standard curve (ng),

Vt - Final volume of solution (ml),

V6 = Weight of initial sample extracted (g), and

Vi - Volume injected (ul).

7. REFERENCES

None found.

8. DATA

See attached data sheets.
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HPLC SCREEN OF WATER SAMPLES
FOR NITROSUBSTITUTED MUNITION C014POUNDS AND PAHs

1. APPLICATION

This method is applicable to the quantitative analysis of

environmental water samples for nitrosubstituted munition organics

and PAHB by HPLC. Detector ratios are employed to provide data for

the qualitative identification of the analytes. Quantitative

documentation was performed on the analytes listed in Table 1 using

the detectors and wavelengths indicated. Documentation was

performed for samples with and without silica-gel chromatography

cleanup.

A. TESTED CONCENTRATION RANGE

The tested concentration range in natural and standard water for

each analyte is listed in Table 2.

B. SENSITIVITY

The normalized responses (integrator peak height counts) at the

standard water detection limits (without silica-gel cleanup)

designated in Section l(c) are listed in Table 3.

The normalized responses (integrator peak height counts) at the

natural water detection limits (without silica-gel cleanup)

designated in Section l(c) are listed in Table 4.

C. DETECTION LIMIT

The detection limits (DL) in standard and natural water,

calculated according to Hubaux and Vos (1970), are listed

in Table 5.

The detection limits for standard water samples cleaned by

silica-gel chromatography are listed to indicate the quality

1T
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Table 1. Analytes and Quantitative Detection Methods

Quantitative
Analyte Detection Method

HMX UV (230 nm)

RDX UV (230 rim)

135TNB UV (230 rim)

13DNB UV (254 nm)

35DNP UV (254 rim)

246TNT UV (254 rnm)

26DNT UV (230 rm)

24DNT UV (254 rnm) "

Naphthalene UV (280 rm)

Acenaphthylene UV (280 nm)

Acenaphthene UV (280 nm)

Phenanthrene UV (280 nm)

Anthracene UV (254 nm)

Fluoranthene UV (280 rm)

Pyrene UV (280 nm)

Chrysene UV (280 rm)

Benzo(b)fluoranthene Fluorescence (X ex 290 nm,
Xem > 350 nrm)

Benzo(k)fluoranthene Fluorescence (A ex 290 nm,
A em > 350 nm)

Benzo(a)pyrene UV (254 rim)

Indeno(1,2,3-cd)pyrene UV (280 nm)

Source: ESE, 1982.
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Table 2. Tested Concentration Ranges in Natural and Standard Water

Concentrat ion
Ana lyte Range (ug/L)

1*fX 2.0 to 40

RDX 2.0 to 48

1 35TNB 1.9 to 38

F13DNB 2.2 to 44

35DNP 3.6 to 73

246TNT 2.0 to 40

26DNT 2.3 to 46

24DNT 2.0 to 40

Naphthalene 4.1 to 82

Acenaphthylene 6.6 to 131

Acenaghthene 1.5 to 48

Phenanthrene 1.5 to 30

Anthrac ene 1.2 to 24

Fluoranthene 0.4 to 8.0

Pyrene 1.9 to 38

Chrysene 0.10 to 2.0

Benzo(b)fluoranthene 0.10 to 2.1

Benzo(k)fluoranthene 0.21 to 4.1

Benzo(a)pyrene 0.22 to 4.5

Indeno(1,2,3-cd)pyrene 0.28 to 5.8

Source: ESE, 1982.
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Table 3.. Sensitivity at Standard Water Detection Limits
Without Cleanup

Integrator
Peak Height

Analyte Counts Nanograms

HMX 2,354 74

RDX 466 30

135TNB 985 30

13DNB 507 31

35DNP 605 56

246TNT 226 29

26DNT 392 46

24DNT 299 29

Naphthalene 1,406 137

Acenaphthylene 514 109

Acenaphthene 272 49

Phenanthrene 593 26

Anthracene 1,786 11

Fluoranthene 185 4.3

Pyrene 241 38

Chiysene 78 2.0

Benzo(b)fluoranthene 633 8.3

Benzo(k)fluoranthene 520 5.8

Benzo(a)pyrene 323 4.2

Indeno(1,2,3-cd)pyrene 164 9.1

Source: ESE, 1982.

4



AMD. 5/vTB.4

7 /22/82

Table 4. Sensitivity at Natural Water Detection Limits Without
Cleanup

Integrator
Peak Height

Analyte Counts Nanograus

HMX 1,550 48

RDX 464 30

135TNB 357 32

1 3DNB 871 53

35DNP 1,869 173

*246TNT 265 34

26DN4T 307 36

24DNIT 419 40

Naphthalene 1,047 103

Acenaphthylene 661 140

Acenaphthene 279 51

Phenanthrene 526 24

Anthracene 3,959 23

Fluoranthene 305 8

Pyrene 218 33

Chrysene 60.2 1.6

Benzo(b)fluoranthene 200 2.8

Benho(k)fluoranthene 619 7.0

Benzo(&)pyrene 722 9.8

Indeno(1,2,3-cd)pyrene 222 12

Source: IE, 1982.
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Table 5. Detection Limits in Standard and Natural Water*

Standard Water

Standard (After Silica-Gel Natural

Analyte Water (ug/L) Cleanup) (ug/L) Water (ug/L)

HMX 15 11 10

RDX 6 8 6

135TNB 6 6 6

13DNB 6 8 11 7

35DNP 11 28 34

246TNT 6 11 7 --

26DNT 9 12 7

24DNT 6 7 7

Naphthalene 27 33 21

Acenaphthylene 22 35 28

Acenaphthene 10 12 10

Phenanthrene 5 5 5

Anthracene 2 5 5

Fluoranthene 0.9 1 2

Pyrene 8 6 7

Chrysene 0.4 0.5 0.3

Benzo(b)fluoranthene 2 0.3 0.6

Benzo(k)fluoranthene 1 0.8 1

Benzo(a)pyrene 0.8 0.9 2

Indeno(1,2,3-cd)pyrene 2 2 2

* Calculated according to Nubaux and Vos, 1970.

Source: ESE, 1982.
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of the cleanup technique for each analyte. The detection limits

listed for standard water without silica-gel cleanup are the

actual detectability criteria to be used for the analytes. The

silica-gel cleaned extracts are analyzed only when a suspected

target analyte is detected in the noncleaned extracts and when

large unresolved background interferences prevent adequate

quant itat ion.

D. INTERFERENCES

This method may be subject to interferences from organic

compounds which are extractable from acidic water with methylene

chloride. The qualitative analysis via detector ratios should

be sufficient to prevent misidentification of unknown peaks.

The silica-gel cleanup'step provides a mechanism for eliminating

possible interferences from highly polar compounds such as fatty

acids and carboxylic acids which may be present in the extract.

An unidentified fluorescence peak occurred at 25.7 minutes

during the standard water documentation. This peak did not

appear in either the standard or natural water documentation and

did not display a measurable absorbance at 254 or 230 nm.

Therefore, the compound should not interfere in the method.

Several compounds were not fully documented because of

co-elution with another analyte under the screen conditions,

chemical instability, or experimental interferences. However,

the retention times and detector ratios for most of these

compounds were determined and are listed in Table 6.

E. ANALYSIS RATE

After instrument calibration, which requires approximately

6 hours, one analyst can analyze four extracts in an 8-hour day.

One analyst can perform approximately eight extractions in an

8-hour day.
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Table 6. Retention Times and Detector Ratios for Compounds which were
not Adequately Resolved and/or Documented

Detector Ratio
Retention (Wavelength/

Analyte Problem Time (minutes) Wavelength) (nm)

Tetryl Co-elutes with (24.4)* 3.14 (230/280)
nitrobenzene 29.5
under certain

column conditions

NB Co-elutes with 24.8 0.701 (230/280)
tetryl under
certain column
conditions

ATNBA Unstable 14.3 2.8 (230/280)

12DNT Internal standard 52.5 0.8518 (230/280) I
not documented

* The peak for tetryl undergoes significant shifts in retention time [I
depending on the condition of the ODS column used in the system.
Under the preliminary column conditions for documentation, tetryl
interfered with nitrobenzene (RT - 24.4 min). After a new ODS column
vas installed, the lT for tetryl had shifted (RT 29.5 min).

Source: ESE, 1982.
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2. CHEMISTRY

A. ALTERNATE NOMENCLATURE AND CHEMICAL ABSTRACT SERVICE (CAB)
REGISTRY NUMBERS

The alternate nomenclature and CAS registry numbers for the

analytes of interest are listed in Table 7.

B. PHYSICAL AND CHEMICAL PROPERTIES OF ANALYTES

The physical and chemical properties for the analytes of

interest are listed in Table 8.

C. CHEMICAL REACTIONS

Caution should be used in handling all of these compounds,

-- especially the standard materials. All of the nitrosubstituted

compounds are either explosives or breakdown products of

explosives. The PAHs are known carcinogens, teratogens, and

mutagens.

3. APPARATUS

A. INSTRUMENTATION

The HPLC instrumentation (see Figure 1) is a gradient elution

system with two columns connected in series with a

variable-wavelength' UV-visible absorbance detector; a 254-nm

absorbance detector; and a fluorescence detector.

An Altex Model 322 dual-pump liquid chromatograph was used as

the gradient pumping system. After mixing, the elution solvent

was passed through a guard column (5 cm by 4.6 mm) packed with

silica gel (Fisher, 60 to 200 mesh) to presaturate the mobile

phase with silica and therefore extend column life. The mobile

phase was then passed through a 0.25-um filter to remove

entrained particulates.

An Altex Model 500 autosampler was used as the injection system,

and a guard column (5 cm by 4.6 m) packed with Pelliguard LC-CN

pellicular packing (40 us) was present in the system. Both the

9
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Table 7. Alternate Nomenclature and CAS Registry Numbers

CAS Registry
Analyte Alternate Nomenclature Number

KX Cyclotetramethylenetetranitramine 2691-41-0
Octahydro-1, 3,5, 7-tetrazocine
1,3,5, 7-Tetranitro-1, 3,5,7-

tetrazacyclooctane
Oc togen

RDX Cyclotrimethylenetrinitramine 121-84-4
Hexogen, T-4, Cyclonite, Hexahydro-
1, 3, 4-trjnitro-s-triazine

135TNB sym-Trinitrobenzene benzite 25377-32-6 1

13DNB o.-Dinitrobenzene 99-65-01 7

35DNP 586-11-8

246TNT sym-Trinitrotoluene 118-96-7
1 -methyl-2, 4, 6-trinitrobenzene
trotyl; Tolit, Trilit

26DNT 606-20-2

24DNT 121-14-2

Naphtha lene 91-20-3

Acenaphthylene 208-96-8

Acenaphthene Naphthyleneethylene 82-32-9

Phenanthrene 85-01-8

Anthracene p-Naphthalene 120-12-7

Fluoranthene .1, 2-Benzacenaphthene Idryl 86-73-7

Pyrene Benzo(d,e ,f)phenanthrene 129-00-0

Chrysene 1, 2-Bsuzophenanthrene 218-01-9

Benzo (Oaphenanthrene

10
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Table 7. Alternate Nomenclature and CAS Registry Numbers
(Continued, Page 2 of 2)

CAS Registry

Analyte Alternate Nomenclature Number

Benzo(b) fluoranthene 3,4-Ienzofluoranthene
Benz~e)acephenanthrylene 205-99-2

Bento(k)fluoranthene 11, 12-Deazofluoranthene 207-08-9

Benxo(a)pyrene 3,4-Benzopyrene 50-32-8

Dibenzo(a,h)anthracene 1,2:5, 6-Dibenzanthracene 53-70-3

Indeno(l,2,3-cd)pyrene Indeno(1,2,3)pyrene

2 ,3-o-Phenylenepyrene 193-39-5

Source: ESE, 1982.
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Table 8. Physical and Chemical Properties

Melting Boiling Density
Point Point (g/ml @

Analyte Formula (C) (OC) 20C)

HMX C4 R8 8 0 8  276 1.77-1.9*

RDX C316N606  204.1 - 1.816

135ThB C6R3N20 4  122 t 1.69

13DNB C6 14 N20 4  90 302 1.57

35DNP C6 H4 N20 2  126 - 1.702

246TNT C7 H 5N306  80 280t 1.65

26DNT C7H 5N 204  66 - 1.28

24DNT C7l 5 N204  71 3001 1.442

Naphthalene CloH8  80.22 210.8 @ 1.145
720 torr

Acenaphthylene C12H8  92 265-275t 0.8988

Acenaphthene C1 2 H1 0  96 278 1.225

Phenanthrene C14 HI0  101 340 1.182

Anthracene C14HI0 216.2 345 1.25

Fluoranthene C1 6HI0  111 375 1.252

Pyrene C16HI0  149 404 1.271

Chrysene Cl8H10  254 448 1.274

Benzo(b)fluoranthene C20H 12  167 - -

Benzo(k)fluoranthene C20H 12  217 -

Benzo(a)pyrene C20H12  179 312 @
10 torr

Dibenzo(a,h)anthracene C2 2H14  269 - -

lndeno(1,2,3-cd)pyrene C22H12 162.5 -

* There are four polymorphic structures of DII with this range of

densities.
t Decomposes.

Source: ES, 1982.
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injector and the guard column are maintained at room

temperature. The silica precolumn and filter are maintained at

the same temperature (52C) as the analytical columns, which

consist of an Ultrasphere CN 5-um column (25 cm by 4.6-m ID)

connected in series with an Ultrasphere ODS 5-um column (25 cm

by 4.6-nn ID). The column temperature is maintained at 52"C by

use of a circulating water bath (Fisher Scientific Model 80) and

a column water jacket from Altech Associates. Any of the

commonly available column thermostats capable of handling two

columns may be substituted. The Ultrasphere CN column is the

first column in the series after the injector followed by the

Ultrasphere ODS column.

The column effluent is passed through three detectors in series,

each connected by means of low-dead-volume unions and a minimum

length of 0.010-inch stainless-steel tubing. The order of the

detectors is as follows:

1. Perkin-Elmer LC-75 variable-wavelength spectrometer

with autocontrol.

2. Altex Model 153 fixed-wavelength detector set at

254 u.

3. Perkin-Elmer Fluorescence Spectrometer Model 650-S.

Each detector is connected to a Spectra Physics Model 4100

integrator. An Altex Model 420 microprocessor is used to

control the pumps and signal the variable-wavelength detector.

The microprocessor initially signals the autosampler to load the

sample loop. The autosampler then flushes the sample loop for

60 seconds, injects the sample onto the analytical column, and

signals the three integrators to start. After 10 minutes, the

microprocessor sends a second flag to the autosampler to reset

it prior to the next injection. At 60 minutes, the micro-

processor signals the Perkin-Elmer LC-75 with autocontrol to

switch detection wavelength from 230 to 280 n. This wavelength

14
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is reset to 230 nm at 135 minutes by another signal from the

microprocessor, and at 137 minutes, a second signal to the LC-75

resets the detector for the next injection.

B. HPLC INSTRUMENTAL PARAMETERS

1. Detectors:

a. Perkin-Elmer LC-75 variable-wavelength spectrometer with

autocontrol set at 230 am for first 60 minutes of

chromatogram then switched to 280 m.

b. Altex Model 153 fixed-wavelength detector (254 nm).

c. Perkin-Elmer 650-S fluorescence spectrometer.

Excitation wavelength is 290 am with a spectral band

pass of 10 am. Emission is monitored at wavelengths

longer than 350 am by use of a cutoff filter and by

setting the emission monochromator in the zero-order

mode.

2. Columns

a. Guard column (5.0 cm by 4.6-su) packed with Pelliguard

LC-CN 40-um pellicular packing.

b. Ultrasphere CN, 5-um column (25 cm by 4 .6-mm ID).

c. Ultrasphere ODS, 5-um column (25 cm by 4 .6-m ID).

3. Flow Rate: 1.0 ml/min.

4. Mobile Phase: Elution gradient (see Figure 2):

a. 30% methanol (CH3OH) in phosphate-buffered water

(pH3) for 50 minutes.

b. Increase percentage of CH30H to 65% over

30 minutes.

c. At 80 minutes, increase the percentage of CH30H to

80% over 20 minutes.

d. At 100 minutes, increase the percentage of CH3OH to

90% over 10 minutes, and hold for 10 minutes.

e. Decrease the percentage of CH3OH to 30% over

5 minutes, and hold for 15 minutes for reequilibration

before next injection.

15
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5. Temperature: 52"C.

6. Injection Volume: 50 ul, fixed loop.

7. Retention Times (see Table 9).

C. HARDWARE/GLASSWARE

1. 2-liter separatory funnel (Teflon* or glass) (8).

2. 500-al K-D flask (8).

3. 20-ml K-D receiver (8).

4. Sep-PakO silica-gel disposable cartridge (8) from Waters

Associates.

5. 3-ball Snyder column (8).

6. 2-ball micro-Snyder column (8).

7. 10-ml graduated centrifuge tubes (8).

8. 10-ml syringe with Luer-lock fittings (I).

9. 4-cm glass funnels (8).

10. Disposable glass pipettes.

D. CHEMICALS

1. Nanograde methylene chloride--J.T. Baker Company.

2. Reagent-grade sodium chloride--J.T. Baker Company.

3. HPLC-grade methyl alcohol--J.T. Baker Company.

4. HPLC-grade water-J.T. Baker Company.

5. Anhydrous sodium sulfate--J.T. Baker Company.

6. 85-percent H3PO4, reagent-grade--J.T. Baker Company.

7. Teflon* boiling chips.

8. ColorphastO pH indicator sticks--MCB Manufacturing Chemists,

Inc.

9. 6N NaOH-240 g of reagent-grade Nali pellets dissolved in

1 L of organic-free water.

10. 6N HCl-dilute-ccncentrated, reagent-grade HC1 in 1 L with

organic-free water.

11. Sulfuric acid, reagent grade-J.T. Baker Company.

12. Sodium thiosulfate, reagent grade--J.T. Baker Company.

17
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Table 9. HPLC Instrumental Parameters: Retention Times

Analyte Retention Time (Minutes)

HMX 9.2

RDX 13.0

135TNB 16.8

13DNB 20.8

35DNP 26.9

246TNT 29.3 40

26DNT 35.0

24DNT 36.1

Naphthalene 84.5

Acenaphthylene 89. 1

Acenaphthene 95.7

Phenanthrene 97.5

Anthracene 98.8

Fluoranthene 102.2

Pyrene 103.4

Chrysene 108.2

Benzo(b) fluoranthene 112.9

Benzo(k) fluoranthene 113.3

Benzo(a)pyrene 114.0

Dibenzo( a,h) anthracene 116.8

Indeno (1,2, 3-cd)pyrene 117.9

Source: SSE, 1982.
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4. STANDARDS

A. CALIBRATION STANDARDS

1. Separate stock calibration standards are prepared for each

analyte by weighing the indicated amounts of each compound

into volumetric flasks and diluting to the mark with

HPLC-grade acetonitrile (see Table 10).

2. Intermediate stock calibration standards are prepared for

some of the analytes by pipetting the indicated volumes of

the stock calibration standards into volumetric flasks and

diluting to the mark with HPLC-grade acetonitrile.

Volume
of Stock Concentration
Calibration Final of Intermediate
Standard Volume Stock Calibration

Analyte Used (ml) (ml) Standard (ug/ml)

Phenanthrene 2 10 380

Chrysene 1 10 100

Benzo(b)fluoranthene 0.5 10 52

Benzo(k)fluoranthene 1 10 103

Benzo(a)pyrene 1 10 112

Dibenzo(a,h)anthracene 1 10 94

Indeno(1,2,3-cd)pyrene 1 100 36

3. The most concentrated (Ox level) composite working

calibration standard, F, is prepared from the separate stock

and intermediate stock calibration standards. This

high-level standard is diluted to yield all of the lower

concentration standards. The high-level standard is

prepared by pipetting the indicated amounts of the

individual stock calibration standards or intermediate stock

calibration standards into a single 50-ml volumetric flask.

Fifteen milliliters of HPLC-grade acetonitrile are then

added to make the final solution approximately 302 with

19
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Table 10. Preparation of Calibration Standards

Stock Calibra-
Final tion Standard

Amount Volume Concentration

Analyte (mg) (ml) (ug/al)

HmX 10 10 1,000

RDX 10 10 1,000

135TNB 9.5 10 950

13DNB 11 10 1,100

35DNP 18.15 10 1,815

246TNT 10 10 1,000

26DNT 11.4 10 1,140

24DNT 10 10 1,000

Naphthalene 20.61 10 2,061

Acenaphthylene 32.8 10 3,280

Acenaphthene 12.0 10 1,200

Phenanthrene 19.0 10 1,900

Anthracene 30.3 100 303

Fluoranthene 10 10 1,000

Pyrene 9.6 10 960

Chrysene 10 10 1,000

Benzo(b)fluoranthene 10. 10 1,040

Benzo(k)fluoranthene 10.3 10 1,030

Benzo(a)pyrene 11.2 10 1,120

Dibenzo(a,h)anthracene 9.4 10 940

Indeno(1,2,3-cd)pyrene 36 10 3,600

Source: ESE, 1982.
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respect to acetonitrile. The solution is then diluted to

the mark using phosphate-buffered, HPLC-grade water (pH - 3)

(see Table 11).

4. The lower-level working calibration standards are prepared

by pipetting the indicated volumes of the F standard into

volumetric flasks and diluting to the mark with 30Z

acetonitrile in HPLC-grade water buffered with phosphate

(pH - 3).

Volume of Final Nominal

Standard F Standard Volume Level

A 0 10 Blank

B 0.5 10 0.5x

C 1.0 10 Ix

D 2.0 10 2x

1 5.0 10 5x

B. CONTROL SPIKES

1. Intermediate stock spiking solutions are prepared for

several of the heavier PAH compounds by pipetting the

indicated volumes of the stock calibration standards into

volumetric flasks and diluting to the mark with HPLC-grade

acetonitrile.

Volume
of Stock

Calibration Final Concentration of
Standard Volume Intermediate

Analyte Used (ml) (ml) Stock (us/al)

Phenanthrene 2 10 380

Chrysene 1 10 100

Benzo(b)fluoranthene 0.5 10 52

Benzo(k)fluoranthene 1.0 10 103

Benzo(a)pyrene 1.0 10 112

Indeno(1,2,3-cd)pyrene 1.0 100 36

21



AMD. 5/VTB. 11
7/22/82

Table 11. Preparation of the Most Concentrated Composite Working
Calibration Standard, F

Volume of
Standard Concentration
Diluted Standard of F Standard

Analyte (ml) Diluted (ug/mi)

1041 0.5 Stock 10

RDX 0.5 Stock 10

135TNB 0.5 Stock 9.5

13DNB 0.5 Stock 11

35DNP 0.5 Stock 18.2 I
246TNT 0.5 Stock 10

26DNT 0.5 Stock 11.4

24DNT 0.5 Stock 10

Naphthalene 0. i Stock 20.6

Acenaphthylene 0.5 Stock 32.8

Acenaphthene 0.5 Stock 12

Fbenanthrene 1.0 Intermediate 7.6
Stock

Anthracene 1.0 Stock 6.1

Fluoranthene 0.1 Stock 2.0

Pyrene 0.5 Stock 9.6

Chrysene 0.25 Intermediate 0.5
Stock

Benzo(b)fluoranthene 0.5 Intermediate 0.52
Stock

Benso(k)fluoranthene 0.5 Intermediate 1.03
Stock

Benzo(aOpyrene 0.5 Intermediate 1.12
Stock

Dibenxo(ah)anthracene 2.0 Intermediate 3.76
Stock

Indeno(1,2,3-cd)pyrene 2.0 Intermediate 1.44
Stock

Source: ESE, 1962.
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2. The working control spike solutions are prepared by making a

composite spike solution for the nitrosubstituted compounds

and a separate solution for the PAHs. The indicated volumes

(Table 12) of the stock calibration standards or

intermediate stock spiking solutions are pipetted into a

25-mi volumetric flask and diluted to volume with HPLC-grade

acetonitrile to make the working control spike solutions.

3. The following mounts of both the nitrocomposite and PAN

composite working control spike solutions are pipetted into

I L of standard or natural water. The concentrations spiked

are shown in Section 8.
I.

Nominal Level Volume Spiked (ml)

Blank 0

0.5x 0.1

lx 0.2

2x 0.4

5x 1.0

lOx 2.0

4. The precision, accuracy, and detection limits are determined

for each analyte.

5. PROCEDURE

A. SAMPLING

1. Samples must be collected in mber-glass containers with

Teflon*-lined caps. The bottle must be prerinsed with the

sample before collection.

2. Samples must be extracted within 7 days of collection.
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Table 12. Preparation of Working Control Spike Solutions

Volume Final
of Standard Standard Volume Concentration

Anslyte Diluted (ml) Diluted (ml) (ug/ml)

Nitrosubstituted Compounds--Working Control Spike Solution

HMX 0.5 Stock 25 20
RDX 0.5 Stock 25 20
135TNB 0.5 Stock 25 19
13DNB 0.5 Stock 25 22
35DNP 0.5 Stock 25 36.3
246TNT 0.5 Stock 25 20
26DNT 0.5 Stock 25 22.8
24DNT 0.5 Stock 25 20

PAR Compounds--Working Control Spike Solution

Naphthalene 0.5 Stock 25 41.2
Acenaphthylene 0.5 Stock 25 65.6
Acenaphthene 0.5 Stock 25 24
Phenanthrene 1 Intermediate 25 15.2

Stock
Anthracene 1 Stock 25 12.1
Fluoranthene 0.1 Stock 25 4.0
Pyrene 0.5 Stock 25 19.2
Chrysene 0.25 Intermediate 25 1.0

Stock
Benzo(b)fluoranthene 0.5 Intermediate 25 1.04

Stock
Benzo(k)fluoranthene 0.5 Intermediate 25 2.06

Stock
Benzo(a)pyrene 0.5 Intermediate 25 2.24

Stock
Dibenzo(ah)anthracene 2 Intermediate 25 7.52

Stock
Indeno(l,2,3-cd)pyrene 2 Intermediate 25 2.88

Stock

Source: SE, 1982.
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B. EXTRACTION

1. Allow samples to warm to room temperature. Mark the water

meniscus on the side of the sample container for later

determination of the exact sample volume. The sample volume

should not be less than I L. Do not filter the water.

2. Pour the entire sample into a 2-L glass or Teflon*

separatory funnel with TeflonO stopcocks.

3. Check the pH with wide-range pH paper and adjust the pH to

less than 3 with 6N KCl.

4. Add 100 g of reagent-grade NaC1, and shake to dissolve the

salt.

5. Add 100 ml of methylene chloride to the sample bottle, shake

for 30 seconds to rinse the container walls, and transfer

the solvent into the separatory funnel.

6. Extract the sample by vigorously shaking the separatory

funnel for at least 2 minutes with periodic venting to

release any vapor pressure.

7. Allow the organic layer to separate from the water layer for

a minimu of 10 minutes.

8. If the emulsion interface between the layers is greater than

one-third the volume of the organic layer, centrifugation or

placing the separatory funnel in an ultrasonic bath must be

employed to break the emulsion. Addition of small amounts

of methanol can also aid in dispersing emulsions.

9. Draw off the methylene chloride and pass through a glass

funnel fitted with a small plug of glass wool and

approximately 1 inch of anhydrous sodium sulfate into a

500-ml K-D flask fitted with a 25-ml K-D receiver,

calibrated at the 25-mI mark.

10. Repeat Steps 5 through 9 two more times.

11. After the third extract has been transferred to the K-D

flask, rinse the sodium sulfate in the funnel with

approximately 20 ml of methylene chloride. This solvent

rinse is added to the K-D apparatus.

i25
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12. Add a Teflons boiling chip to the methylene chloride extract

in the flask, and attach a 3-ball Snyder column to the

apparatus. Prewet the Snyder column by adding approximately

1 ml of methylene chloride to the top.

13. Concentrate the methylene chloride extract by placing the

K-D apparatus in an 80"C water bath. Immerse the receiver

of the K-D nearly up to the joint.

14. The balls of the Snyder column should actively chatter, but

the chambers should not flood.

15. When the apparent volume of the liquid in the receiver is

less than approximately 15 ml, remove the K-D apparatus from

the water bath and allow it to drain at least 10 minutes

while cooling.

16. Remove the Snyder column and rinse the K-D flask and its

lower joint into the receiver with I to 2 ml of methylene
chloride.

17. Raise the volume of the methylene chloride in the receiver

to the calibrated 20-ml mark.

18. Stopper the receiver with an ungreased ground-glass stopper,

and mix the extract by inversion of the receiver.

19. Remove the ground-glass stopper, and pipette 10 ml of the

methylene chloride extract into an amber or foil-wrapped

20-ml glass vial. Cap the vial with a Teflon*-lined cap,

and store at 4"C for later use if a silica-gel cleanup is

necessary.

20. Rinse the ground-glass stopper with I to 2 ml of methylene

chloride into the extract remaining in the receiver.

21. Place a sicro-Snyder column on the receiver, and prewet the

column with I ml of methylene chloride. Add a fresh Teflon*

boiling chip.

22. Concentrate the extract by gently heating the receiver in an

80C water bath.
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23. When the apparent volume of the liquid is less than

approximately 1 ml, remove the receiver from the water bath.

24. Remove the micro-Snyder column and rinse its lower joint

into the receiver with 2 ml of HPLC-grade acetonitrile.

25. Reattach the 2-ball micro-Snyder column, and reconcentrate

to 0.5 ml.

26. Remove the receiver from the water bath and again add 2 ml

of HPLC-grade acetonitrile, rinsing the joint column with

the solvent.

27. Again, reconcentrate the sample to 0.5 ml.

28. Repeat Steps 26 and 27.

29. After this third exchange to acetonitrile, the extract is

quantitatively transferred to a 10-ml graduated centrifuge

tube.

30. The extract volume is then reduced by controlled evaporation

under a gentle stream of dry nitrogen to a volume of

approximately 0.2 to 0.3 ml.

31. The sides of the graduated centrifuge tube are then rinsed

with 0.2 ml of HPLC-grade acetonitrile to yield an

approximately 0.6-ml extract volume.

32. Dilute the extract to the calibrated 2-ml mark with

phosphate-buffered, HPLC-grade water (pH - 3). This

procedure yields a final extract volume of 2 ml in a

solution that contains approximately 30% CH3CN.

33. Transfer this extract to a 1-ml septum-sealed vial for HPLC

analysis.

34. The extract is now ready for HPLC analysis.

C. SAMPLE CLEANUP

If it becomes apparent during the HPLC analysis that the sample

cleanup is necessary for proper qualitative identification of

the sample components, the following procedure is used to help

remove possible interferents. The cleanup procedure is
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necessary when components are found with the proper retention

times but do not have the correct detector ratios, or when large

broad-band interferents are noted in the chromatogram. The

sample cleanup steps are as follows:

1. The 10-mi extract portion saved in Step 19 of the extraction

procedure is transferred to a 10-mi glass syringe with

Leur-lock tip.

2. The extract is then passed through a silica-gel Sep-Pak*

attached to the syringe at a rate of approximately 5 ml/min,

and the eluate is collected in a 20-ml K-D receiver.

3. The storage vial is rinsed with 5 ml of 50% CH3OH in

methylene chloride; this extract is passed through the

silica-gel Sep-Pak@ and the eluate collected.

4. The eluates from Steps 2 and 3 may be combined if only

general cleanup is desired. The eluates are analyzed

separately if sample fractionation is also required.

5. Follow Steps 21 through 34 of the extraction procedure to

prepare the final extract for HPLC analysis.

D. CALIBRATION

1. A minimum of three instrument calibration standards and a

blank will be run at the beginning of the analytical run.

One of these standards will be duplicated at the conclusion

of the analytical run to verify constant instrument

response.

2. Plot the normalized integrator areas versus micrograms/

milliliter of each standard to obtain a working curve.

E. ANALYSIS

1. Inject 50 ul of the extract onto the RPLC column.

2. Perform the analysis of the sample according to the

conditions given in Section 3(B).

3. Measure the response of the sample for the components of

interest on each of the three detectors. Peak heights
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rather than areas are used because they are less subject to

interferences.

4. Quantitation of the components of interest is carried out

according to Section 6 on the particular detector specified

for each analyte in Section 1.

5. Qualitative identification of the component of interest is

outlined in Figure 3. Detector ratios are calculated for

unknown sample components and compared to the ratios

obtained during the calibration run. The ratios obtained

during docuentation should serve as guidelines for the

magnitude and variance of the expected ratios. The absolute

value of the ratios may vary somewhat on different instru-

mentation, especially on ratios involving fluorescence

because only a relative intensity on a particular instrument

is measured. The absorbance ratios should be more consis-

tent among different instruments because the absorbance is a

property measured in a more rigorously defined manner than

fluorescent intensity.

If the retention time and the ratios match those for one of

the standards, the presence of that particular analyte in

the sample is confirmed. If peaks are found for which the

retention times match but the ratios do not match any cC the

standards, sample cleanup is conducted. The cleaned

fraction is then analyzed by HPLC, and the same criteria are

applied for compound verification.

A detector ratio is considered positive if it falls within

the 95-percent confidence interval for the ratio obtained

during documentation for that particular analyte. The mean

detector ratios, 95-percent confidence interval, and lowest

level (ppb) at which these ratios could be accurately

measured due to instrumental sensitivity limitations are

presented in Tables 13 and 14.
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6. CALCUATIONS

Determine the concentration of each analyte according to the

following formula:

Concentration (ug/g) - (A)(V£)

Vs

where: A - Concentration (ug/ml) of analyte found in the sample by

comparison with the appropriate standard curve (ug/ml),

Vt - Volume of total extract (ml), and

Vs - Volume of initial sample extracted (L).

The concentration is corrected for recovery by dividing by the slope

. of the regression line for observed value versus target value for

spi'.ed samples.

7. REFERENCES

Hubaux, A. and Vos, G. 1970. Anal. Chem. 42, 849-885.

8. DATA

See Figures 4 through 6 and attached data sheets.
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I. HMXSTD(23ONM) (UG/L) UNCLEAN

TARGET DAY
CONCENTRATION 12 3 4

0.0000 0.0000 C00000 010000 000000

2900 0.0000 0.108 1.63 1.62

4.00 1.81 2.50 2e39 1.79

8.:') 4.48 4.77 4o69 4.00

20.0 12.0 12.5 10.2 18.7

40.0 22.1 38.3 25.8 25o7

--------------------------------------------------- ---MM ------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUNC VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.0000 0.0000 0.0000 o.00tof

2.00 0.839 0.908 1e8 -589.1

4.00 2912 0.375 17o7 4o

8.00 4.48 0.346 7.71 4*

20.0 13o3 3o7l- 2798 -33.3

40.0 28.0 7.10 25.4 -30.1

--------------------------------------- ------ ------------------
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HMXtNATI23CNM) (UG/L) UNCLEAN

TARGET DAY
CONCENTRATION 2 3 4

O.000O 0.o0ou 0oooo O.oooo r,000

2.0C C.768 0.622 O.0oG 0.*P2

4.0C 2.19 1.73 1,84 2.30

8 0 3.99 3.75 4.02 3.2E

20.0 9.94 8.97 11.8 9.75

* 40.0 20.4 28.2 20.3 20.8

TARGET AVFRAGE STANDARD PERCENT PERCENT

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0,0000 0.0000 000000 0.r00c 0.00-0

2.00 C.568 0.393 (9.2 -71*6

4.00 2.02 0.273 1396 -49&6

8.00 3.76 0.342 9.1i -

20.0 10.1 l.20 11.9 -49.4

40C 22o4 3.84 17.1 -4.*
-------------------------------------- -------------------------------------
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V IMXgSTD(23CNM) (UGIL) CLEAN

TARGET DAY
CONCENTRATION 23 4

-------------------------------------------------------------------------

0.G0c%00 0 0 0 000 013

2.02 04.374 9.194 0,561 C

'1.00 197e 1.96 1.19 1992

Saco 2.61 3.35 2.65 2.17

20010.8 9.80 11.6 iC*4

4 C C 22.0 23.3 24.06 32.3
----------------------------------------- ----------- --- -----------

*TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

--------------------------------mm---------m--------- --------- ------

C.C30Z1 C.C000 G.nocD f.00001

2 .00 -9282 C .2 41 8592 -p5.: a

'1.00 1.71 C9357 2P98 -5792

8.013c 2.60 C.4PS 18.1 6O

20.0 10.7 I).77C 7.22 -46e7

40.0 25e.6 4.61 18.0 -36.1

----------------------------------------------------------------
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RDXsSTD(230NH) (UG/L) UNCLEAN
-------------- m ---------------------------- ------------

TARGET DAY
CONCENTRATION 1 2 3 4
------------------------- --------------- --------------- --------- a ne ---

000000 0.0000 000000 0.0000 0.0000

2000 2o55 1.46 2o43 3.03

4.00 5.51 5.74 5o43 3.39

80a0 5.77 8.89 5.21 12.1

20.0 23.3 23.3 26.1 29.0

4800 55.7 4903 51o4 50.6
---------- -- m ----- ------------- --

- a------------------------- ------------ ----

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
-- --------------------- --- m----- m-------------- m------- m---------- aaSs----

0.0000 0.0000 000000 000000 00000

2.00 2.37 0.658 27.8 18.4

4.00 5.02 1.09 21o8 25.4

8000 7.99 3.18 39.8 -0o0938

20.0 4606 000000 0.0000 33.0

4800 55.1 0.0000 060000 29o6
- - - - --------- a --a a a a a----------sa a a a---- 55---------
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I.

RDXoNAT(230NM) (UG/L) UNCLEAN
-------------------------------------------------------------------------

TARGET DAY
CONCENTRATION 1 2 3 A

----------------------------------------------- -------------------- --------

0.0000 0.000S C60000 0.0000 o60000

2.00 2.06 1.07 0.000 2.10

4.00 4.07 3.90 4.00 20qO

8.C0 8.6C 7.67 7.06 9.60

20.0 22.9 18.9 20.9 24.1

40.0 44.1 45o4 47.7 44o7

T:RGET AVERAGE STANDARD PERCENT PERCENT
. CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

------------------- --------------------------

0.0000 0.?000 0o0000 0.0000 0oo00l

2.00 1.33 102 76.5 m30!

4.00 3.72 0.549 14.8 -70.6

8.00 7.75 0.781 1001 -3. Q

20.0 9.60 0.0000 091000 C.flnc

40.0 20o9 2e02 9e64 4,53
- -- ----- ----- -- -- -- *- --- ----- --- ---- -- - ----
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R0XSTD(230NM) (UGI) CLEAN

i TARGET DAY
L CONCENTRATION 1 2 3 4

--------------------------------------------------------------------------------

0.0000 0.0000 .oO000 000000 coO000

2.00 3.03 2.58 2.75 2950

4.00 6o29 5.56 4.80 5920

8.00 8.10 9.99 6.65 7.31

20.0 12.9 25.2 24.6 24.7

. 40.0 39*° 47.2 51.2 55.6
------------------ ------------------------- aa a a a a a a a -

----- - ------ -------------- m ----------------------------- n- --

TIRGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION TNACCURACY
----- e------------------sn ---------------- e--------ne

0.0000 .0000 090000 00000 00007

2.30 2971 0o234 8.64 35.7

4.'0 5.46 0.633 11.6 36o6

8.CC 8o01 .45 18e, 0.1 6

20,0 12.9 00,9000 0.0000 -35.4

40.0 24.8 0.311 1.25 3.44
-eae ecalogeoeeee ece eseesae sesas seoe Sec ae nOse en ase c
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7~L
[ TNBSTD(230NM) (UGIL) UNCLEAN

- - - - - -m- - --- - - -- - - - - - - - - - - - - - - -

TARGET DAY
1. CONCENTRATION 12 3 4

0000.0000 0.0000 OM 0.0000 cogev0

1.90 1,40 3.54 1939 2.19

3*8C 3.43 40,0 4e74 4c

7.60 9.07 9.84 10.4 9.31

19.0 18.3 18.3 23.9 23.3

38.0 44.8 40.2 36.7 43.3

TARGET AVFRAGE STANDARD PERCENT PERCENT
t. CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUPACY

0.0000 0.0090 090000 000000 0.0000

10C2*1. 1.01 48.0 loop

3.80 1A 4.27 0.682 16.0 12.3

*7.60 9965 0.579 6.00 2*

19.0 21.0 3004 1495 10.4

38.0 41.2 3.59 8.70 a 0Is 5
---------------------- .- -- -- --a- - - - - - - - -
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L

j 1.3,5 Tr:,NAT(23"7'&M) UG/L) UNrLEANf

TAF GLT DAY
c GCENTR AT IC~ 4

3 . I C. 4 ,4 31 )? 0.

7.6C 7.?9 7.1 7.65 5eg!.

1 o 20*' 1p.3 20.2 21.1

430 .3.9 52.5 44.3 42&6

1.

TAFGET aVFRAGE STANDARD PERCENT PEPrENT

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUVACY

Cc 0 r G C. r .r C , 8 4^ 11 r r) rl c.

1 .. 7 * Z3 672 5

3.?c 3.45 Z.186 5 ..8

7.6 7.27 11096b 13.3 -4," e

ic, 19.0 1.17 5.6 4"F7

38.1-1 45*8 A951 'm,,p4 2n.c

" 55:
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1,3,5 TNbSTO(23ZNM) (UG/L) CLEAN

TARGET DAY
CONCENTRATION$ 1 2 3 4

0.OOO3 C.0000 cOOCO 3?Oo00 C.COco

1.00 0.637 1.e2 2931 1.70

"13.80 4o85 3 A3 4.*P 4.92 0

7.60 7.00 8.09 6.90 7.30

1F.0 2196 21.5 22o5 20.8

38.0 39.6 46.6 38.1 36o6

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.OG 0.0000 0.3000 0.9000

1,0 1.61 0-701 43,4 -15.?

3.60 4.44 0-453 10.2 17,.

7.60 7.32 09539 7936 -3.6 =

19.0 21.6 0.69e 3.23 I.7

38.0 40.2 4.42 1l.0 F,

i..

I

-- ---- ---------- ---- -------
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j DNBtSTD(254NM) (UG/L) UNCLEAN
-- - - -- - - - -- - - - --- ~---- -- -- -- -- -- -- -- -- -- -- --

TARGET DAY
CONCENTRATION 1 2 3 4

0.0000 090000 0.0000 0.0000 0.0000

2.20 1.49 1978 3.40 3o38

4.40 3.99 3.93 3.42 3.42

8.80 7.11 8.89 8917 8.69

22.0 24.1 18.6 18.3 18.7

44.0 38.3 39.9 34.9 36.4

TARGET AVERAGE STANDARD PERCENT PERrENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
---------------------------------------------------------------------------

0.0000 0.t000 0.0000 0.0000 0o0c0o

2.20 2.51 1.02 40.6 1497

4.40 3.69 0.313 8.48 -16.1

8.8G 8.21 0.797 9.70 -6.65

22.0 19.9 2.79 14.0 -9.43

44.0 37.4 2.18 5.84 -15.1

---------------------------------------------------------------------------
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L 193 DNBNAT4254NM) (UG/L) UNCLEAN

TARGET DAYI CONCENTRATION i 2 3 4
------------------------- ------------------------- -------------

060000 00,000fe 0.00000 0.0000 C.00co

2.22 2.73 1.31 1.75 2C

4 T3 .53 3 9b2 3 4 I- 2.53

22.3 118.1 15.0 23.7 26.5

*44.0 42o2 44.7 37.6 36.4

---------------------------- --
TARGET AVERAGE STNAD PECN PEN

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
----------------------------- - m ---- - m

040003 DOW^00 o0r 0o 0.0000 0.fOO

2.20 1.71 Os3C4 17.8 -2293

404 3.26 0.486 14.9-20

8*8c 9.12 3.46 3799 !969

22C20.8 %.,22 25.1 -5.34

14.0 a4092 3.89 9.68 -8.5"18
--------------- ---------..............................................................................
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[

193 DN89STD(254NM) (UG/L) CLEAN

TARGET DAY
[. CONCENTRATICN 2 3

0.0000 0.900 0.0000 0.0000 c.000

2.2C 2.11 1.68 1.62 1.65

4o4C 3.58 3.50 3.3' 2.53

8.80 9.27 7.27 6012 5.37

22.0 21.6 1R.2 19. 18*7

4 4.u 35.5 45o4 34.5 41.0
1.

I.

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION rmPRECISION INACCURACY

0 .0000 0.0000 0.0000 ,,0o.000 0.0000

2.2C 1976 0,231. 1391 -19,p

4.4C 3.23 0940C 149 -2606

8.8. 7.01 1.70 24.2 -20o4

22.0 19.4 1.51 7.82 -12.r

44.0 39.1 5.08 13.0 -11.1
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1 395 DNPoSTD(254N4) (UG/L) UNCLEAN
------------------------------- --------------- ------ --------------

TARGET DAYt. CONCENTRATION 1 23
m-m----------------------------------------- --- ------

0.00 .003 00000 0.00000 ,16C00

3.63 4.56 4.50 2*43 4.20

V7.26 5.81 7.76 6.e73 6o5P

14.5 1496 13.4 12.9 12.P

36.3 34.8 32.0 36.6 29.6

72.6 57.1 57.1 51.7 5A*O

TARGET AVERAGE STANDARD PEPCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.0000 0.0,000 003000 0.00303

3.63 3.92 1.01 25.7 8.06

7926 6s72 09802 11.9 -7e44

14.5 1394 0.814 6oC6 -7.38

3603 33.2 3.08 9927-.0

72.6 56.C 2.88 5.15, -22.9
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L
1 * DE'PtNAT(254N~M) (U(-/L) NLA

TA RGET DAY

CO'!CINTRATION

3.63 1.74 A6 9*4

7.2(- -~.75 398I,6032 3.33

14.5 7,49 7.45 19.3 9.60c

3 6.a3 19.4 18.0 35.3 22.13

72.6 61.0 42.3 64.2 32.3

TARGET AVERAGE STANDARD PERCENT PrRCEN~T
CONCENTRATION FOUND VALUF DEVIATION IMPRFCISTON INACCU"ACY

3.63 2.25 r,.686 30 ~ -78.1

7 .2 6 4. 2t 1.36 3 1.*7-40'

3 6.3Z 23e6 7.78 33.0 -c

72.6 49.9 15.2 30.5 -31.2
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395 0NPvSTDC254NM) (UG/L) CLEAN

TARGET DAY
CONCENTRATION 1 2 34

--------------------------------------------------------- ------- ------ ----------

0.0000 0.0003 0.0000 o.ooflc r.0000C

3.63 2.87 2.56 4e17 2.1C

7.26 8.19 4.90 6*6 ~ 696

14.5 8.12 11.4 6.91 12.9

36.3 38.8 25.2 31.2 32*C

72.6 71.4 60.2 57.1 35o3

------------------------------------------- ------------- -------------------

*ITARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUOACY

0.0 0.000 C GC0 0.0000 O0on I 0.flonf

3.63 2.92 0.888. 30.4 -9i

7.26 6.57 1.34 2C..4 54

14.5 9.83 2.79 28.4 -32.2

36.3 31.8 5957 17.5 -12.4

72.6 56.90 15.1 27.0-:2

---------------------------------------------------------------------- -------------
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294,6 TNTSTD1254NM) (UG/L) UNCLEAN
----------------------------------------------------- ---------------------

TARGET DAY
CONCENTRATION 1 2 3 4

0.0000 0.0000 00000 0.009'

2.03 0.0000 ?.99 2.21 0.9

4.00 4.20 3.56 2.99 4,78

8.00 3.20 7.44 7.75 7,9P

20.0 20.6 20.9 19.8 17.5

40.0 33o5 36.8 36.2 37.0

--------------------------------------------------- -----------------

-------------------------------- ------ ------------------- --------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0,.00C 0.0000 0.0000 GOGO

2.00 1.52 1.33 87.4 -23.P

4.00 3.88 0,776 21.0 -294

8.00 6.59 2.27 34.5 -17of-

2C.C 19o7 1*54 7981 -1.53

40.0 35.9 1.62 4951 -10.3
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C9496 TNTgNAT(25'.NM) (UG/L) UNCLEAN
------------m-------------------------------- ------- --------

TARGET DAY
CONCENTRATIC% 2 34

-------- ----------------------------- -- ------- -----------

O00020 00000C 00Ctoo 04600.1 ^!,one

2.00 2.51 2.10 2.75 3.17

40f 486 %*52 5.39 3.75

8.00 11.3 7*9 0 14.1 floe0

20.C 22.0 18.6 25.7 25.5

40.0 39.3 42.7 42.2 .ieq

------------------ ------------------------------ ---------------

------------------------------ --------- -------- ----------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
----------------- mw --------------------------- --------- --------

1.OOU 0. 0000.0 .OC

29:02.63 C o44. 17.0 31.4

4.0 4.88 G.806 16.5 22,.'

8.00 10.3 2.97 2S.8 29.1

20.C 22.9 36 14.6 14.7

40.0 41.5 1.52 3e66 3.81
----------------------------------------------------

73



%.ew.
to

ccN

V4

q.4z

z c

I-J
N co

CC

AL I74



L

1. 2,4,6 TNT*STC(254NM) (UG/L) CLEAN
---------------------------------------------------------------------------

I TARGET DAY
" CONCENTRATION 1 2 3 4

-------------------------------------------------------- --------------------

0.000o 0.0000 .000 0.000 0.0000

2.00 2.23 00c0c0 1.37 3.31

4.00 5.86 2.70 4.2C 499S

8.00 4.35 5.97 9.32 7.4p

20.0 22.5 10.6 18.4 20.6

40.0 36r5 32.7 36.2 45.1
---------------------------------------------------------- ---------------

--------------------------------------------------------------------------------
*TARGET AVERAGE STANDARD PERCENT PERCENT

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUPACY
------------------------------------------------------------ ---------------

093000uZC 0.000c OOOO~~

2.00 1.73 1 *4C 81.00 1

4.010 4.4! 1034 30.2 i.

8.00 6.78 2.12 31.3 -15.31

29018.0 5o23 2Q.0 rsp

40.0 37.6 9.27 14.0 -5.94
-------------------------------------------------------------------- --------
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2,6 DNTDSTD(230NM) (UG/L) UNCLEAN

TARGET DAY
CONCENTRATION 1 2 3

0.0000 0.0000 0.0000 0.,000 f.000

2.29 1.46 2.10 0.630 1.22

4.56 1.68 2.93 3.94 3.24

9.12 3,94 8916 8.17 8.40

22.8 17.8 17.1 20.9 23.3

45.6 34.8 43.9 36.0 37.3

---------------------------- -------- ------------ ------ -----------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 C.0000 0.0000 0.3000 0.)300

2.26 1.35 0.608 45.0 -40.7

4.56 2.95 0.945 32.1 -35.4

9.12 7.17 2s15 30.1 -21.4

22.b 19.8 2.87 14.5 -13.3

45.6 38.0 4.06 10.7 -16.7

-- --- - -------- --------
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Ii

296 DNTtNAT(23CNM) tUG/L) UNCLEAN

TARGET OAY
. CONCENTRATION 2 34

0.0030 0oO000 0.0090 0.O00 3o0C

2.2b 1.78 1.54 O.opOlC 1.61

4.56 3,7? 3.75 3.68 4.20

9.12 8.11 roC8 7.99 4o 2

22.b 180.1 14.8 22.1 19.0

45.6 42,3 40.5 41.5 35 oQ

----------------------------- -------------- ---------- ------------------

TARGET AVERAGE STANDARD PERCENT PERrENT
" CONCENTRATION FOUNC VALUE DEVIATION IMPRECISION INACCURACY

.OSUGOC 1.OOG 9. O0 000 0000

2.26 1.23 0.828 67.2 -45 ;

4.56 3.85 0.234 -15.5

9.12 6.55 1993 29.4 -28.?

22.* 18.9 3.07 16.3 -17.!

45.6 40.0 2.86 7.05 -1292
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7L[
2 tb LT 9STD(2" CNMI (U~jr-/L) CLEAN

T A kG[T DAY
C iiCE N.TR ATIC 4

9. 6 z.3(84 R.21 7.36

2.:19.7 17.6 18.7 ie.

45.6 3 4 .P 48.4 38 .4 36.1

TAR~GET £LVERAGE STANDARD PERCENT PERCENJT
CO.NCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUPACY

P9. .P .677 7t 94 f

3 95 c 0 .2 1,3 7,P81 p

45.6 39.4 F .17 1 5.96 1.

-- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - -
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S 2,P4 DNTtSTD(254NM) (UG/L) UNCLEAN
----------------------------------------------------------------- -------

TARGET DAY
CONCENTPATICN 2 3 4

---------------------------------------- ----------------- ----------

0-0 0 0..000 0,co00 060000 300000

2 2.66 1044 0,mCo0 1.34

4.2 3.2 3.45 3.18 3.41

80, 7.08 8.22 7.44 6.24

20.: 1602 16.8 16.6 16.6

1.4c. 32.5 34.1 38.3 3'.
------------------------------------------------------------------ ---------- --------------

--------------------------------------------------------------------------------- - ---------

TARGET AVFRAGE STANDARD PERCENT PEPCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

--------------------------------------- ------- ----------------

0.0000 0.0000 0.0000 0.0000 0°0000C

2o5 1.36 1.09 79.9 -32.7

4,0c 3.26 0.202 6.19 -18.4

8,;0 7.24 09822 11.3 -9944

20.0 16.5 0.251 1.52 -17.3

40.0 33.8 3.38 10.0 -l5-5

------------------------------------------ m---------------
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2,4 DNTNAT(254NM) (UC/L) UNCLEAN

TiRGET DAY
* CGNCENTRATION 2 3

---------------------------------------------------- --------- ---------

* .OCCO 0.0000 C.00O'2 O. 000 ?,00 0

2.30 1.7! 1.45 1.20 1,79

4.CO 3.49 3.33 3,.3 2.32

8.20 7.45 5.23 11.6 6.07

20.0 16s4 13,9 21,4 21o2

40.0 36.9 31.4 36.6 34e3

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION TNACCUPACY

OO0 . C!0 O,0000 O.OC0OOO

2.20 1059 0.268 16.8 -2C,4

4.:, 3604 00518 179C -23.9

8.0c 7.81 2e69 34.5 -2*3C

2u.Q 18.2 3o7C 20.3 -Z08R

40 . 0 34.8 2.55 7.32 -13a0

85
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2,4 DNTvSTD(254NM) (WJ/L) CLEAN

TARGET DAY
CONCENTRATION 3 2 4

1,0& .860 0.00'0 0.C000 .620

4o00 3.13 2991 3.?' 1.RI

8.00 7.51 6.31 5*46 5.92

20.C 18. 16.5 16.6 16.2

40.0 31.2 38.7 30.2 35.4

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0C00 C.0000 0.0000 c.2C00 9.1009

2.0 .87:- loc 116 -56.5

2.71 t,608 22.4 -32.2

8°0c 6.30 0.878 13.9 -21.3

20.0 17.0 1.04 6.13 -15.2

40.0 33.9 3.93 11.6 -15e3

,781

..... ..... i____ __ _ i__ = .. - =~ ia. . .



NAPHTHALENE*STD(280NM) (UG/L) UNCLEAN
----------------------- ------------------------------------------

TARGET DAY
CONCENTRATION 1 2 3
---- m--------------------------------------------------------------------------

OCO3 0.0000 0.0000 0o0000 {',0000

4.12 2.5C, 3.30 2.30 3.31

8,24 5.1 5,68 5.89 5.34

16.5 9.58 10.9 9.75 9.93

41.2 22.1 24.4 34.7 20.6

82.4 36.1 4497 61.3 50.q U
------------------------ ------------------------------- --------------

-------------------------- m-------- -- -
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

----------------------- -----------------------------------

0.0000 0.00 0.1i000 0.0000 0.000

4.12 2.85 T.529 18.5

8 *24 5.52 0.329 5.96 -330

16,5 1000 0.576 5.74 -39.1

41e2 25.4 6o36 25.0 -3Po2

82.4 48.2 10o6 22.0 -41.4
--------------------- --------- ------------- ---------- ----------
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NAPI4ThALENEvNAT(280NM)(UG/L) UNCLEAN
------------------------------ eeeeeeee-------eeeeeeeeeeeeeee

TtRGET DAY
CONCENTRATION~ 2 3a

C.0000 00000G 0.0000 *ooo %aO

4.12 2.31 2o25 000000 o'

8.24 4.53 5.38 3.27 5.63

16.5 10.2 7.06 11.6 13.2

41.2 19.6 19.0 35.8 29.6

82.4 52.3 64.0 5009 53,0

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUPACY

0.0000 0.0000 00900 Do~coO 9.0.Vfl

8.24 4.70 1.06 22o6 4s

16.5 10.5 2.61 24.8 -36.1

41.2 26,90 8914 31.3 -36.9

82.4 55.0 6.03 11.0 -3392
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NAPHTHALENESTD(2 C'JM)(UG/LI CLEAN

TARGET DAY

CONCENTRATION 1 2 3 4

O0OG .O00C o.000 0.000 %,'300

4.12 1o96 2952 2.85 3.62

8.24 5.3r.  5.51 4.P3 4.73

16.5 .13 7.81 9.86 9.73

41.2 25.4 15.2 22.1 20.6

82.4 36.1 65.3 38.4 51.3 1"

TARGET AVcRAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

O.0000 0.0n'o0 0.0000 0.0000 0.000c

4.12 2.74 0.694. 25.3 -33.6

8oZ45.C 0383 7953 -38.0

16.5 8.88 1.06 12.0 -46.1

41.2 20.8 4.25 20.4 -*9.4

82.4 47o8 13.5 28.2 -42."
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ACENAPHTHYLENESTD(28?"NM)(UG/L) UNCLEAN
----------------------------------------------------------------------

TARGET DAY
CONCENTRATION 1 2

------------------------------------- --------------------------

0.0000 0.0000 0.0000 0.0O10 z.0000

6.56 5.63 6.37 8.87 .00

13.1 13.0 13.4 13.4 12.7

26.2 23.9 23.6 23.5 23.7

65.6 76.6 64e5 55.4 56.1

1.31 117 116 138 112

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

----------------- ---------- -----------------------------------

0.0000 0.oCO0 0.000 0.0000 O.OCCO

6.56 6.72 1.47 21.8 2.47

13.1 13.1 0.336 2.56 0.114

26.2 23.7 0.171 1.723 -9.78

65.6 63.1 q. 8 7  15.6 -373

131 121 11.6 9.64 -7.89
---------------------------------------------------------------------
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ACENAPTHYLENEoNAT428CNM) UNCLEAN

TARGET DAY
CONCENTRATION 2

O.O00o 0.0000 0.000C 0.0000 c.OV'0 -a

6,5C 1.5C 4 -  C-. .  6e4!

13.1 13.5 1.3 7.96 6.71

26o2 16*4 i3.9 16m7 14.3

65.E 37.5 33.5 6C.4 37*°

171 1 E 96.4 lC2 110

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
----------------------------------------------------------------------

3000 0 '~c 0 0, 0 0. 9110 ct C -

6,56 2o98 2.83 9499 -54. r

13.1 9.6E 2.98 31.0 -26.8

26.2 15.3 1.43 7.31 -41.5

65.6 42.3 12.2 26.9 -35.5

,31 1.2 5,63 5.5^ -21o
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ACENAPTIHYLENFSTDc28;IVM)iu)G/L) CLEAN

TARGET DAY
CON~CENTRATJCO 2 3

3.00co 0.J0O'2 ^,ooC 0JOO %Oo

6.56 6.67 6.25 1683 21

26221.9 23.5 2399 23.0

65.6 f(8.9 47.3 55.5 56.1

131 117 163 111 132

TARGET AVFRAGE STANDARD PERCENT PERCFNT
CONCENTRATION FOIJNC VALUE DEVIATION IMPPECISION INACCUPACY

0.0000 1".00% 0.00CO 0.0ccc co3ccr

.5 *8 C.842, 12.1

26.2 2 3. 1.0lo5 If e57 -12.4

65.6 56.9 P.92 115 97 -13.2

!31 131 23.2 17.6 -0.343
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ACENAPTHENEvSTD(2E-ONM) (UGIL) UNCLEAN
----------------------------------------------------------------------

TARGET DAY
CONCENTRATION 1 2 3 4

-------------------------------------------------------------------------------

0.0011;G 0,0000 060000 000090 1,O900

1.53 1.94 2.96 2.28 1.6C

4.F3 5.65 5.87 4.11 4.1

9.60 6.51 6e52 8.02 7o3 1

24.0 15.2 17.7 15,2 23.7

48.0 35.4 37.7 43.8 37.8 Li
-----------------------------------------------------------

----------------------------------------------------------------------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

----------------------------------------------------------------------

0.0000 0.0000 0.0000 0,0000 on00

1.50 2.V4 0.816 3909 36.3

4.8- 4.96 C.92q 18.7 3.33

9.60 7.24 0.838 11.6 -24.6

24.0 17.9 4,01 22.4 -25.2

48.0 38.7 3.59 9.29 -19.4

------------ ----------- ------------------------------- ---------------
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AC ENAPTHENE N AT 2C 2 Nr')(UG/L )UN CLE AN

TARGET DAY
CONCENTRATION 2 34

co0.006 C.0Onu. 060000 oool00000cl

.e2 3of; v3 9 o 7

9.6C 7.87 o5.17 1.6 8 8.30

24.C 16.5 13.1 23.2 18.7

48.o1C 35.3 37.1 39.1 31.3

---------------------------------------------------------------------

---------------------------------------------------------------------

TA~RGET AVEPAGE STANDAR.D PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUnACY

0.QCOc 3.Ooc* 0.0000 0.000o 0.fl00r,

2 C901.14 120 -60.4

4oii- 4.01 0.993 24.8 -16.5

9.60 7.23 1.46 20*2 -24.7

24.0 17on 4.24 23o7-2.

48*0 35.7 3.32 C?. 3r - 251.6
---------------------------------------------------------------------
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ACENAFTHENEvSTD(2C'0NM)(UG/L) CLEAN

TARGET DAY
CONCLNTRATION 1 2 3
----- -------------------------------------------------------------

Oo00 0 ,0cou CO0O0 a,*00c c coo

2o4J 2e1e 30,58 I 2S 4,2P

4.8' 4*21 4.11 1.51 4.43

96 0 615 6.52 F.07 7.12

24.0 18.8 16.1 17.9 15.2

48.0 35.4 46.4 31.4 37.8

TARGET AVLRAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

CoODGU "i°DOQGri.OOC 00000C 0,"000

2.4C 283 1.35. 47,P 17. "

4.8- 3a56 1.38 3E.6 -25.7

9,60 6.94 0.833 12,0 -27o7

24.0 17.0 1.64 9.67 -299P

48.0 37.7 6o34 16.8 -21.4
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PHENANTHRENEiSTD(28ONM) (UG/L) UNCLEAN

TARGET DAY
CONCENTRATION 1 2 3 4

0.000 0.000c o.OC00 0.0000 .OOCOC-

1.52 1.13 1.22 1.33 1.12

3.04 2.92 2.90 lo42 2.41

6.C8 5.32 4.75 4.91 4.98

15.2 14.3 12.7 11. 10.8

30.4 20.2 24.7 26.6 24.3

----------------------------------------------
TARGET AVERAGE STANDARD PERCENT PERCENT

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 U.0' o C .000 000C m.o00 L
1.52 1.20 0.0976 8.14 -21.1

3.04 2.41 0.702 29.1 -2c*6

6.C8 4.99 0.240 4.81 -17. °

15.2 12.3 1.59 13.0 -1002

30.4 23.9 2.70 11-3 -21.3
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PHENANTHRENE ,NAT(28CNfM) (LG/L)UNCLEAN

TARGET DAY
CONCENTRATION ~ 1 2 34

0.CLO 0a.'000 0.0000 0.0000 .,o~

1,52 1.43 1.53 090030c laic

3.a 4 2 .06 2 *1 9 2.34 3w17

6.Ob 5.39 4.14 5.27 4.40

15.2 :108 9.42 1590 1106

30.4 23.6 24.2 26.C 22.7
---------------------------------------------------------------------

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee----

TARGET AVFRAGF STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

------------------ -------------- --------------- -------------

I 1.Z o.7!4 6P.4-3.

3. 4 2.44 0.0n 20.5 -19,7

6.C8 4.80 0.623 13.3 -21.1

15.2 11.9 2.30 19.3 -21.4

30*4 24.1 1 *31 5e76 2ef

------------------------------------ ---------------
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PHENANIHRENE9STD(2PkNM)(UG/L) CLEAN

TARGET DAY
CONCENTRATION 2 3 4

C-CCO r..00 C. Co0 0 .,00 (01000

1.52 1.60 1.41 1.1)9 1.77

3.04 2.40 3.40 2.5( 2*7

4 .41 4.19 5.32 5.03

15.2 12.2 12.4 11.3 lOeR

30.4 24.8 27.4 21,T 28.2

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 i.ooGo O,-ooo 0.1"IC? c..^0

1a52 1.47 (.291. -. 45

3.04 2.68 0.490 Ip.5 1

6,08 4.74 0,527 11.1 -22.1

15.2 11.7 0.754 6,46 -23.2

30*4 25.5 3,02 11.9 -16.2
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ANTHRACENEeSTD(254NM) (UG/L) UNCLEAN

TARGET DAY

CONCENTRATION~ 4

C.0cf3CV*C0 o0'00 o.e0loic 'i

1.21 1.948 2o24 1 ea 71.

2.42 2.49 2.99 t.01 2 e 3

4.84 501 4.22 4921 4,03

12.1 '11.OF 11.9 11.7 12.9

24.2 22.7 21.5 23.8 22.3

---- --- ---- --- --- ---- --- --- ---- --- ---- --- --- ---- --- ---

--------------------------------------------------------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY
----------------------------------------------------------------------

o.Coc0o 0.1000 C0,3000 0930co

1.21 1.69 0.367 21.7 40.1

2.42 2.83 0.241 8.50 16.0

4.*84 4.39 1.4e1 11.00

12.1 12.1 0.586 4.105 -,.1

24.2 22.6 0.971 4.30 -6975
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At',THF A CE .E 9 iv-T t -kNt') (LIG /L) UNCLEAN

T A k (6 E T DA! Y
CCrNIATIC!. 2 7 4

j .42 1 - 2 1.,' 1 . ;i 1 E I

4.84 3.21 4.2P6 54 2~

121 17 0,77 :2.6 11.i2

24. I.7 21 . ~ 22.4 ICI.!

---------------------------------------------------------------------

---------------------------------------------------------------------
1',dZ'G 7T AVERAGE STANDARD pERCENT ECT

CCNCEr:TEATION FOUN7D VALUF DEVIATION IMPRECISO INACCUPACY
-------------------------------------------------------------------

2.42 1 6t '3& ̂  61 o4 -71

4 4 61 1 O, - 3 3.

1 . 12 .4 1.91 113s4 -14.2

24.2 2 C .7 1 w48 7.12-14

---------------------------------------------------------------------
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ANTHRACENESTU 2t4NM)(UG/L) CLEAN

TfPGET DAY

CONCENTRATICf. 2 4

043a C 0o. O c.cc'O 0.asccc " .o 10

1 .2 1 1 o4f 10.62 let- 2 1.fic ,

2.42 2.49 -200 2.3 2.29

4.84 5.10 5.98 4.71 4.20

12.1 14.3 13.0 10.1 I I.

24.2 22.7 27.6 22.6 19*7

---------------- ----------------- --- ---- ------- ------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

f .. Ouu C6.C>2 O." 0C 0.,91v 1. f, cC "f

1.921 1.54 0 o.9 64- 6.2 * 1.

2o4 2.65 C.321 12.1 9061

4.64 5.03J .752 15.0 3.2 r

12.1 12.3 ,oO 14.6 i953

24.2 23.1 !.2b 14.2 -4e34
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FLUORANTHENEiSTD(ke.NM) (UG/L) 'UNCLEAN

TARGET DAY
CONCEN7RATION 2 4

-------------------------------------------- ----------

000000 060O0 :.0000 00000 oo0C0

0.4Z3 0.262 C.554 0.151 O,312

0.8c0 0.711 0.921 .737 1.1Q

1.60 1.41 1.34 1.29 1.70

4.00 3.35 4.13 4.02 3.47

8.00 8.19 8.12 7e82 7956

------------------------- -------- -------------------- ------
TARGET AVERAGE STANDARD PEPCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

-------------------------------------- ------- -------

0.000G 0.0000 0-0000 0,00 0,000

0.1400 7.Z2 0.172 53.2 -29.1

0.8.0 1089C 0.221 24.8 11.2

1.60 1.43 0.183 12.8 -1093

4*10 3.74 0.390 10.4 -6,4

8.00 7.92 0.290 3.66 -(.969
---------- ------------------ -aaaaaaaaaaaaaaaaaa
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TARGET DAY
CUNCENTRAT ION 2

G.4C0 P1' 0*430 oo.ac o~l0

c;6" 0956 0.466 %4 4 C * fl 

4.00 3.514 2.70 4.1'O 3.18I

8.00 6.21 7.38 6e.3 7*56

------------------------------------------------ ---------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

----------------------------------- -------- --------

C.0(~ c.OOO0.0000 0.0000 D.000'

Co4C0 ',145 0*2C3 - 14CM6.

%*597 0.197 33.1 20

4,03.*38 fl.591 17.5 -15.5

8.0 C0 6.79 0.786 11. -15.1
--------------------------m------- ----------------------

120



LS

1% *

N

cc

cco

\ 03

N=

0 +

t ,,

.... "l

I- * OD

'nw- - .

Iiix
'J Co

21



F .JORANTHENE9STD(28CNM)(UG/L) CLEAN

TARGET DAY
CONCENTRATION . 2 3 4

0.0000 009000 C6O000 OOCOo 1.0000

403 0.260 0.4C1 1,47,

80071 0.740 0.789 0.674

1.60 1.48 1.12 1.41 1.30

4.0c 3.54 3.58 3.50 3.35

8.00 8.20 7e57 6.4? 7e60

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISICN TNACCURACY

0.00 ; ;.co00a 0a.000 O o 0ca 03c

L 4" .283 0.208 7.

008 c %.72h 0e.487 i.E8 -8.97

1.60 1.33 0.157 11,p -17-f

40ou 3.49 0I100 2.8R -12.7

8.00 7.45 0.744 9.99 -6.ql
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PYRENEoSTD(e2bNM) (UG/L) UNCLEAN

TARGET DAY
CONCENTRATION 1 2 4

1.92 2.88 c0 0 0 0.53 0.5 3

3.84 2.48 3.C 2.71 2.56

7.68 9.11 5.64 5.36 4460

19.2 15.' 12.6 18.9 18.1

38.*4 34.1 27.4 34.4 32.9

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION TNACCURACY

0.0000 0.00C" 0.0000 0.0000 0.000C

1 '2 .735 0.803 1 9 -61.7

3.84 2.71 0.266 9.82 -29.5

7.68 6.18 2.00 32.4 -19.6

19.2 16.2 2.92 18.1 -15.8

38.4 32.2 3.26 10.1 -16.2
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PYRENE9NAT(2hVNM)(UG/L) UNCLEAN

TARGET D6Y
CONCENTRATION 2 4

1.o92 .71 r 3,0 0. 0000 0 .

3.64 2.3C 1. 51 1.25 3.57

7.68 5.72 5*94 5.13 5.43

19.2 14*. 14.1 13.9 13.5

38.4 30.5 30.5 37.4 31.6

------------------------------------------------------------------- i
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 G.000 0.0000 C.0000 c.lO c

1.92 1.18 1*45 124- 7

3.4 2,16 1.04 48.3 -439e

7.68 5.55 %o352 b.34 -27.7

19.2 14 1 3.544 3.86 -2f,7

38.4 32.5 3.31 10,2 -15.4
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PYRENE9STO(2PCNM) (UG/L) CLEAN

TARGET DAY
CONCENTRATION 1 2 3 4

1.29 1.88 C,.s710 OT0I20

3.*8F4 3.*08 2a00 !9673 ".

7e68 69PO 5.88 5.76 6.3fl

19.2 21.6 17.3 14.6 15.00

38o4 34.1 38.0 31.4 33.C

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0 GG ..a 00 0 a0ion0 0.0 vlJC 0W!,0 0

3.84 3.15 C.370 11.7 I*-

7.68 6.18 0.471 7961 -19.5

19217.1 3.21 18.8 ~ CL

38.4 34.1 2.81 8.24 -11.1
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CHRYSENE9STD(28 NM) tUG/L) UNCLEAN

TARGET DAY
CONCENTRATION 1 2 3 4

----------------------------------------------------------------------

0.0000 0.0000 0.0000 0.0000 C00000

0.1000 0.0000 0.211 0.200 ".b0c

0.200 Z.243 0.307 1.321 ooo

0.400 0.497 0.392 0.447 0.365

1.000 0.911 1.09 1.29 0.855

2.00 1.91 2.21 2.12 1.97

----------------------------------------------------------------------

----------------------------------------------------------------------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

----------------------------------------------------------------------

0.0000 i.co0 0.0000 0.OOCO 0.00CG

C.100 ).103 0.119 116 2.7F

0.2a0 £.218 0.149 68.5 *P7

0.4C0 9.423 0.3548 13.C 5.60

1.00 1.04 0.196 19.0 3.65

2.00 2.05 0.137 6.6p 2.A2

----------------------------------------------------------------------
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CHRYSCNEvNAT(28GNM)(UG/L) UNCLEAN

TARGET DAY

CONCENTRATION 2 3

----------------- ------------------------------------------------ j
O.ocO00 ocooa io 0oo c.occc -Cco

0.135 0.127 0.fc.? 003,

0.26C 0.29(0 ".226 00180

C.400 .487 l.447 .439 0.32P

C, 1.23 1.000 1.C4 C 094C

22.0 2.28 2.26 2.14 1.88

TARGET AVERAGE STANDARD PERCENT PERCENT

CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

o.ooco o.coc O.0100 0.30c 10o00"o

14 3 C 0.127 8. 42.7

0.2 C .2.9 C.3472 19.8 10.5

C.4 C %425 0°-681 16.0 6.31

1. e 0 5 0.125 11 °9 5025

2,*0 2.09 0.167 7.99 4.5
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CHRYSENE9STD(28NM)L'G/L) CLEAN

TARGET DAY
CONCENTRATION 2

0.00 .G000 000000 3*100f0 000

0.0Q .C00 %.0000 0.10.30 0000u d

li.*2% 0.244 0e 1P 7 G.0 C 0

1000.968 O*Q05 6.919 1.50

2.00 2.21 1.79 1.81 fC000

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUPACY

0.3009000C0 0.0000 GC000 o.3000

l.26L 701 8 1*127 117 -46*1

6.430 ,*446 0.0516 116i; 11.5

1.0c s.97C 09 841 8e67 29

2*00 1.82 0.292 16.0 -s1

--- -- -- -- -- --- -- -- -- -- -- --- -- -- -- -- --- -- ---1-- --
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BENZO(B)FLUORAN.,STD(FL)(UG/L) UNCLEAN
-------------- --------------.----a

TARGET DAY
CONCENTRATION 1 2 3 4

-------------------- -------- -- m------M--------- ----------

0.0000 0.000c 0.0000 0.0000 160000

0.104 0.109 0.213 0.137 00a0

0.238 167 0.183 0.2.0 0.205

C*416 0.360 0.2P6 0.457 0.226

1.04 0.851 0.662 0.901 1.08

2.08 1.55 1.23 1.79 1.71

--------------------------- ------------ -------- ---------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.0000 0.000 0.0000 0o3000

0.104 0a115 0e0882 76.9 10.3

0.208 0.564 0,737 131 171

0.416 @o334 0.100 31.0 -19,7

1.04 C.873 0172 19.710

2.38 1.57 0.248 15.8 -24.5

----------------------------------- ---------
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BENZGCB)FLUOR*NAT(FL)(UG/L) UNCLEAN
---- ---------------------------------------------------------------

TARGET DAY
CONCENTRATION, 2 3 4

G.OC0 0.30 c.O 00 0129 2.O000 L

;w2C? C.162 0.266 oeIp3 C.144

0.41b 0.289 0.335 0,3C2 0.365

I.C4 0.614 0.696 0.678 0.660

2,3b 1.46 1.85 1.65 1.23

----------------- -------------- --- -------- ------- ---------

---------------------------m_ -------------------------- m----------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

---------------------------- -------------------

.oooo .oooc c.oooo o.Cooo o.oc n [
"1.0 .0322 Co.645 2C 691

0.2U6 %,189 0.053P 28.5 -902i

0.416 C,323 0.0340 10.5 -22.4

1.34 .,662 Co'349 5.29 -36.3

2a 6 1.55 0.265 17.1 -25.6

----------------------- ---------------------
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6ENZO(B)FLU0jRqSTDtFL) (UGlL) CLEAN

TARGET DAY
COGICENTR AT ION 4

- --- -- -- -- -- -- -- -- - - -- -- -- -- -- -- -- -- -- -- -- -- - --

C.111C 0.127 !'.140 C-.114

.,2 167 06190  C.223 0.142

*19167.6? 3*47 0.409 0.230

1.04. .. 919 09734 0.o846 i.850

2. W- 1.5r. 1.86 1066 1.o6 C

TARGET AVERAGE STANCARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION TPPRECISION INACCURACY

9 . G -D 0 C 0 0, 0.0000 0 f! r

L *10 4 Os7,30.136. 11 .1 1 .r

CC6*.8 .L345 19.!11e

6 *4 1 F .3 8 fu o7 (-8 2 e 7  iO

1 4p8 3 7 .76 6 .14 1S!
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BENZO(K)FLUORAN.,STD(FL)(UG/L) UNCLEAN

TARGET DAY
CONCENTRATION 1 2 3 4

0.0000 0.0000 .0000 0.0000 %.t'cO

0.206 C.133 0.368 0.193 .06A 0

0.412 0.267 0.313 0.373 %.373

0.824 0.70^ 0.564 0.972 0.414

2.06 1.95 1.44 2.04 2.45

4.12 3.19 2.73 3.25 3.24

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.00 0.0000 O.C000 f.oroi

0.20 v,190 0.130 68.2 -7.77

r.412 '.331 0.0515 15.5 -Iqc

C.824 -16A5 0.246 35.9 -1F09

2.06 1.97 C.415 21.1 -4.3

4.12 3.10 0.250 8.05 --,4o7
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8ENZO(K)FLU0RvNAT(FL) (UG/L) tJNCLFAN

T ARGET DAY
COINCENTR AT 11'1,1 2 4

0 uc-c 3.0 GL .O~ G 0 C. 1

£ .2E* 0.1C,'172 1.41

*42 s2 6 Co3,-( £.214026

U.2a.558 0.689 2*6:4 *f

2. Cf. 1.26 1.54 1.51 1,44

4.12 3.14 3o22 3.2 2.973

----------------------------------------------------------------------------------

TARGET AVFRAGE STANDARD PERCENT PERC'ENT
CONJCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

a eco coc c v,0 0c ic c 0. c a00 Gco

C-624 121

.*24 .*214 Cor458 0.300T -47.8

2 6 e %6 5 5 0 0 0C-7,4

4.2 ,638 0 0.016 a3 1%?7 -22.'-
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BENZG(K)FLUCRSTD(FL) (UG/L) CLEAN------- ------ ------------------------ -------
TARGET DAY
CC NICENTR AT 1() 23
-------------------------- ----------- ---------------------------

0 .cocc :0020 CO.006C C0O

.2.L .coo0 0.145 0.2b~ 0.

C*412 0.269 0.330 9.414 0.2C5

C.824 D.7c"? n.723 L"S2l3
2.26 2.07 1.71 108F 1.94

4.12 3.19~ 3.12 3.13 c.0000
------------------------------------------------ -------- ----M----

---------- m- ------- m------------------ m ----------
TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IPPRECISION INACCURACY

------------------------------------------------------------

6ougo0 0.oD020 060000 0CO

92J ,.132 0.1000. 75.7

0*412 ^93n%4 0.0891 29.31-2.

L.9824 %*866 0.151 17,4 5.i3

2.Gj6 1089 0.152 80"1 -8013

4.12 3.15 0.3812-2.

-------------------------------- -------------- ---------
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SENZOCA)PYRENEiSTDO280)(UG/L) UNCLEAN

TARGET DAY
CONCENTRATION 1 2 3 4

--------------------------- --- ----------------mm -----

0.0000 0.0000 0.0000 0.0000 0.0000

0.224 0.443 0.517 0.408 *00TC

0.448 0.488 0.632 0.526 0.64C

0,896 0.958 0.686 0.757 0*563

2.24 1.91 1.66 2.8 2.01

4.48 3.98 3.43 3.34 3.51

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.0000 0.0000 0.0000 0.0000 0,0000

0.224.%342 0.232 68.0 52.7

G.448 0.571 0.0761 13.3 27.6

50896 0.741 0.165 22.3 -17.3

2.24 1.93 0.201 10.4 -1".6

4.48 3.56 0.285 8.00 -20.4

--------------------- --------- ----------------------- ------
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BENZO(A)PYRENEqNAT(2F:N) UNCLEAN

TARGET DAY
CONCENTRATION 1 2 .5 4
----------------------------------------------- ----------------- , -----------------

0.0000 co0co 0.00 000000 *ol

0.224 C.138 0.198 0.0oCC .0000

0.48O284 0oectcfO 3938L 0.194

C0896 00580 0.941 0.739 0679i

2.24 1.54 2.30 1.15 0.793

4.48 5.64 4.21 3.70 3.21

-----------------------------------------------------------------------------

IARGET AVIRAGE STANDARD PERCENT PERCENT
CCNCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUPACY

02 .*084C 0.100 1109 -62.5

0. *448 1% 216 0. 165 76.1 -51.7

G*9.l760 0.149 19.7 -15.2

2.24 1.45 0.646 44o7 -35.5

4.48 4.19 loC5 25.0 -6.47
--------------------------------eeeeee----------------eeeeeeeeeeee
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BENZO'(A)PYRENE ,STD(25-4NM) CUG/L) CLEAN
---- --------------------------------------------------------------

TARGET DAY
CONCENTRATION 1 2 3

co0C S.C0 600C.0 .00 3 2.!30

0.2 088 994"5 0 .2 :1 c0

0 94 6C . 4 8 0 O.610 2.58? w67

98194 0.925 0.813 0.o76 C

2.24 2*2A 101 1.55 1.91

4.48 3.98 4*46 3.79 4.72 LJ

-------------------------------------------- :1

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

0.00Co C.Colo clo.- )00lo 0.1000

Z 92 24 - 31 0.029;7. 116 3.01

2.4P .537 0e0692 12.9 i9eq

0840.124 14.1!12

2.*24 1.91 0.29A 15.6 -14.6

4.48 4s24 0.428 10.1-194
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INDENO(l1 2v3C0)PYR.,STD(280NM) UNCLEAN
---------------------------------------------------------------------

TARGET DAY
CONCENTRATION 1 2 3 4

0.0000 0.0000 0.00000 0.00-30 C.0010c

0.287 0.0000 0.859 0.3.00 D94-24

.575 0.616 1009 0.87! O.517

1.15 1.20 1,31 1.25 0.837

2.88 5.28 2.21 4.06 3,99

5.76 7.[76 5.05 6.90 5.37

---------------------------------------------------------------------

TARGET AVERAGE STANOAPD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCUPACY
---------------------------------------------------------------------

0.0000 0.0000 00,1O00 0.0000 0.0000

0.287 0.323 0.412 127 1296

Oo575 09873 0.196 22o4 51.9

1.15 1.15 0.213 18.5 -0.0652

2.83.36 0.859 25.4 1

5e76 6.09 1903 16.9 5.82
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INDENO(192,3CD)PYRoNAT(28ONM) UNCLEAN
--------------------------- ------- m ------ -----------

TARGET DAY
CONCENTRATION 1 2 3

0. C0.00000 C60000 00'1000 cooorc

2806000:4 C£."0 00oe0-o lel

C.*576 093~00c 0*566 30459 00570

1.15 1.23 1.10 1.23 1.000

2.88 3021 3.34 2.87 2.56

5.76 5.9 7.68 5*99 3.32

-----------m------------------ ---------------------------------

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATION IMPRECISION INACCURACY

Co7 .399 0.271 67099

1015 1.16 0.07eO 6.71 00911

2.68 2.99 0.351 11.7 3.99

5,76 5.72 1.80 31.4-61

----------------------- -------------------------------------------
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INDENO(1,23CD)PRYST)(28ONM)CUG/L) CLEAN

TARGET DAY
CONCENTRATION 1 2 3 4

O.Cua cooco 00000 0.000 009

%o57F ! '615 0,512 %,672 0.570

1.15 1.84 0.903 1.52 0.931

2.68 3,53 2.73 2.69 3.27

5.76 7.06 8.07 5.90 5.23

TARGET AVERAGE STANDARD PERCENT PERCENT
CONCENTRATION FOUND VALUE DEVIATICN IMPRECISION INACCURACY

o.cooo C.O0rj ,oclO0 0.0000 0.0000

,2%7 252 0.3 - -6. 133

•.575 C.592 0.0679 11.5 3.0C

1.15 1.30 0.460 35w4 12.*

2.6b 3.05 0.413 13.5 14.0

5.76 6.56 1.27 19.3 !3.

--
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